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A  New  Process  for  Examining  the  Structure  of  the 
Brain.  With  a  review  of  some  points  in  the  Histology 
of  the  Cerebellum.  By  H.  R.  Octavius  Sankey. 
(With  one  Plate.) 

The  methods  usually  adopted  in  the  microscopical  exami¬ 
nation  of  the  brain  have  all  proved  in  my  hands  more  or  less 
unsatisfactory.  I  find  that  when  thin  sections  of  hardened 
brain  are  cut  and  stained,  the  dye  does  not  sufficiently  dif¬ 
ferentiate  the  various  structures  so  as  to  render  their  form 
and  arrangement  obvious,  while  in  teased  preparations  the 
shape  of  the  cells,  the  connection  of  their  processes,  and  the 
fibres  of  the  brain  are  just  as  likely  to  be  tom  to  pieces  as  to 
be  separated  from  the  substance  which  surrounds  them. 

The  plan  which  I  am  about  to  describe  will,  I  think,  be 
found  to  overcome,  to  a  certain  degree,  several  of  these  de¬ 
fects.  The  dye  which  I  employ  causes  the  nuclei  to  appear 
black ;  the  cells  and  their  processes  are  rendered  dark  purple, 
while  the  rest  of  the  section  is  of  a  faint  purplish-blue  colour, 
so  that  the  processes  and  fibres  are  rendered  by  these  means 
extremely  distinct,  and  may  often  be  readily  traced  to  dis¬ 
tances  of  a  quarter  or  half  an  inch,  and  in  some  cases  even 
to  greater  length. 

For  the  sake  of  clearness  of  description  I  will  divide  my 
process  into  several  stages  : — 

I.  The  first  stage  consists  in  making  slices  of  brain,  which 
should  be  made  from  the  organ  as  it  is  obtained  from  the 
post-mortem  room,  neither  hardened  nor  altered  in  any  way 
by  reagents.  The  sections  should  be  cut  as  thin  as  practi¬ 
cable,  but  slices  of  one  eighth  of  an  inch  in  thickness  will 
not  be  found  too  thick  for  the  subsequent  treatment.  I  find 
the  following  a  convenient  mode  of  making  such  sections. 
A  large  brush  is  to  be  fixed  to  the  back  of  the  left  ring-finger 
by  means  of  two  elastic  bands  ;  the  operator  then  holding  a 
piece  of  brain  in  the  left  hand,  slices  it  with  a  large  knife 
kept  constantly  wetted  with  spirit  by  means  of  the  brush. 
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A  large  amputating  knife  answers  well  for  this  purpose. 
The  sections  should  be  cut  in  the  direction  from  the  operator. 
As  they  are  made  they  should  be  wiped  off  the  blade  with 
the  brush,  and  allowed  to  fall  into  a  vessel  containing  about 
half  a  pint  of  water. 

The  fixing  of  the  brush  in  the  position  described  will  be 
found  to  give  very  important  assistance.  The  piece  of  brain, 
as  freshly  taken  from  the  subject,  is  difficult  to  seize  and  to 
hold  in  one  position  while  making  the  slices  as  described, 
and  the  attempt  to  hold  the  brush  and  the  brain  at  the  same 
time  will  be  found  to  be  a  work  of  difficulty ;  and  as  it  is 
desirable  to  take  several  sections  from  the  same  place,  the 
piece  must  not  be  allowed  to  slip  from  the  operator’s  grasp, 
as  it  would  be  very  difficult  to  readjust  it. 

II.  The  next  stage  is  to  subject  the  sections  to  the  action 
of  the  dye.  The  water  in  which  the  sections  were  placed  is 
to  be  poured  off,  until  there  remains  only  just  enough  to 
cover  them.  To  this  there  is  to  be  added  an  equal  quantity 
of  a  one  per  cent,  solution  of  the  dye,  so  that  in  fact  the  sec¬ 
tions  will  be  now  in  a  solution  containing  half  per  cent,  of 
the  dyeing  material. 

The  Dye . — -The  material  that  I  have  found  most  satisfac¬ 
tory  in  its  effects  is  called  aniline  blue  black.  It  can  be 
obtained  from  Messrs.  Hopkins  and  Williams,  Cross  Street, 
H  atton  Garden.  In  the  dry  state  this  material  is  a  blackish 
powder,  not  unlike  gunpowder  in  appearance.  It  is  very 
soluble  in  water,  to  which  it  imparts  an  intense  purple  colour. 
Its  chemical  composition  is,  I  believe,  not  exactly  known.  I 
regard  the  use  of  this  dye  as  an  essential  part  of  the  process. 
I  have  experimented  with  some  thirty  or  forty  other  dyes, 
but  have  had  no  results  at  all  equal  to  those  obtained  by 
aniline  black.  It  is  also  useful  for  sections  made  after  the 
usual  process  of  hardening,  &c. 

The  sections  should  be  allowed  to  remain  in  the  dye  for 
about  twelve  hours ;  twenty-four  or  even  thirty-six  hours’ 
immersion  does  not,  however,  often  injure  them.  The  next 
step  is  to  pour  off  the  dye,  and  add  clear  water  until  all  the 
colouring  fluid  has  been  washed  away.  The  stained  sections 
may  be  poured,  with  the  water  they  are  in,  into  a  large  shal¬ 
low  basin,  and  each  slice  floated  into  the  middle  of  a  glass 
slide,  and  removed  carefully  from  the  water  and  allowed 
to  drain.  As  each  section  in  this  stage  should  be  marked, 
I  can  recommend  for  the  purpose  a  very  convenient  slide, 
invented  by  Mr.  Hicks,  and  described  by  him  in  (  Quart. 
Journ.  Microsc.  Science.’  In  this  slide  the  portion  on  which 
the  label  is  usually  gummed  is  of  ground-glass,  and  will 
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receive  a  pencil-mark  without  danger  of  its  being  oblite¬ 
rated. 

III.  The  next  step  in  the  process  is  to  dry  the  stained 
slices  upon  the  glasses.  They  should  be  placed  in  an  airy 
and  dry  situation,  but  not,  as  a  rule,  subjected  to  heat,  but 
to  a  current  of  air.  In  certain  states  of  the  atmosphere, 
however,  they  may  require  the  assistance  of  a  very  moderate 
degree  of  artificial  heat.  Or  should  the  sections  be  very 
thick,  a  slight  amount  of  dry  heat  is  required  so  as  to  antici¬ 
pate  any  liability  to  putrefaction  before  desiccation  has  had 
time  to  occur.  When  the  sections  are  dry  it  will  be  found 
that  they  are  firmly  adherent  to  the  glass,  and  that  they,  as 
a  rule,  show  no  tendency  to  crack,  except  just  at  the  edges. 
Should  it  be  desirable  to  obtain  a  good  view  of  the  edge  of 
any  section,  a  slice  of  unstained  brain  may  be  placed  over 
the  stained  piece  so  as  to  overlap  the  edge,  which  virtually 
removes  the  edge  it  is  desired  to  see  from  its  external  posi¬ 
tion,  and  renders  it  far  less  liable  to  crack. 

IV.  When  the  sections  are  properly  dried  they  will  be 
found  to  be  of  the  consistence  of  somewhat  dry  cheese,  and 
rather  uneven  in  thickness.  The  next  step  is  to  bring  them 
to  a  condition  suitable  for  microscopical  examination,  by  re¬ 
ducing  them  to  the  necessary  thickness.  The  sections,  before 
they  are  reduced,  may  be  described  as  consisting  of  three 
layers — an  upper,  middle,  and  lower,  the  latter  being  in  con¬ 
tact  with  the  glass.  It  is  obvious  that  the  upper  and  the 
lower,  which  were  the  parts  in  immediate  contact  with  the 
dye,  will  be  more  deeply  stained  than  the  central  layer,  which 
in  fact  remains  white.  In  reducing  the  thickness  of  the  sec¬ 
tions  by  paring,  it  is  clear  that  if  the  upper  layer  is  removed 
but  one  of  the  deeply  stained  layers  will  remain.  The  object 
to  be  gained  by  the  paring  is  to  reduce  the  section  to  the 
lower  stained  layer  only.  The  unstained  or  intermediate 
layer  may  be  removed  as  completely  as  practicable  without 
endangering  the  deeper  blue  layer  ;  but  if  any  unstained 
substance  be  left  it  is  of  not  much  consequence,  as  the  pro¬ 
cess  of  clearing  renders  it  invisible.  The  operation  of  paring 
can  readily  be  performed  with  a  razor,  but  it  can  be  much 
more  efficiently  and  quickly  accomplished  by  means  of  an 
instrument  that  I  have  devised  for  the  purpose.  This  in¬ 
strument  is  a  kind  of  plane,  and  is  a  modification  of  an 
ordinary  carpenter’s  two-inch  skew  rabbet-plane,  but  with 
which  I  operate  in  the  reverse  position,  that  is,  with  the 
cutting  edge  uppermost.  The  modification  consists  in  screw¬ 
ing  to  the  sides  of  the  plane  two  slips  of  iron,  having  per¬ 
fectly  true  and  level  edges,  which  are  also  adjustable  by  set 
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screws,  and  can  be  raised  just  above  the  level  of  the  cutting 
blade  of  the  plane.  They  thus  forms  guides,  one  on  either 
side  of  the  knife,  by  means  of  which  the  thickness  of  the 
section  is  regulated.  In  using  the  plane,  each  end  of  the 
glass  side  is  pressed  tightly  down  on  the  iron  on  either  side, 
so  that  the  slide  bridges  over  the  interval  between  the  guides. 
The  dried  slice  of  brain  being  on  its  under  surface,  by  passing 
the  slide  along  the  guides  from  front  to  back  all  the  project¬ 
ing  portions  of  the  tissue  come  in  contact  with  the  knife,  and 
are  pared  off  until  the  whole  is  reduced  to  the  requisite 
thickness,  this  thickness  being  regulated  at  will  by  raising  or 
depressing  the  side  guides. 

V.  The  preparation  is  now  to  be  cleared  by  means  of 
dammar  varnish  or  Canada  balsam.  The  intervention  of  oil 
of  cloves  is  not  required.  The  section  may  be  examined  at 
once  with  a  low  power,  and,  if  found  satisfactory,  a  coyer 
glass  should  be  placed  over  it. 

Sections  prepared  as  above  may  be  made  of  almost  any  size. 
I  have  some  which  cover  an  extent  of  glass  equal  to  three  or 
four  square  inches.  By  employing  a  very  long  knife  sec¬ 
tions  extending  from  the  medulla  oblongata  through  the  pons 
varolii  into  the  crus  cerebri,  for  instance,  can  be  readily 
prepared ;  and  in  many  of  my  finished  preparations  fibres 
can  be  traced  to  extraordinary  distances. 

I  have  now  treated  the  brains  of  a  considerable  number  of 
animals  by  this  method,  and  have  also  made  a  few  prepara¬ 
tions  of  the  spinal  cord  and  sympathetic  and  spinal  ganglia 
of  the  larger  domestic  animals,  and  always  with  more  or  less 
satisfactory  results.  I  find  that  the  larger  and  older  the 
animal  is,  the  better  are  the  preparations  which  are  obtained. 
In  the  smaller  animals  the  brain  is  softer  and  much  more 
difficult  to  cut,  and  it  is  apt  to  break  down  in  the  dye  into  a 
ropy  tenacious  mass,  showing  no  trace  of  the  outline  it  pre¬ 
viously  presented.  The  brains  of  young  and  small  animals 
become  also  more  brittle  when  dried,  and  are  liable  to  crack 
or  contract  in  the  process  of  drying.  In  spite  of  these  diffi¬ 
culties,  however,  with  care  sections  of  even  foetal  brains  may 
be  prepared.  Of  all  brains,  that  of  the  human  adult  is  the 
one  for  which  my  process  is  most  suited,  and  especially,  it 
has  seemed  to  me,  in  cases  in  which  the  temperature  has 
been  elevated  for  some  time  previous  to  death.  The  process 
is  inapplicable  to  brains  which  have  been  hardened  by  any 
reagent,  as  they  will  crack  or  become  brittle  in  the  drying  ; 
nor  is  it  suitable  for  brains  which  have  been  in  any  fluid  cap¬ 
able  of  crystallization  ;  for  crystals  form  during  the  desicca¬ 
tion  and  spoil  the  preparations.  If  sections  cannot  be  made 
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as  soon  as  the  brain  is  removed  from  the  skull,  or  at  latest 
on  the  day  following,  the  best  fluid  to  place  it  in  to  preserve 
it  is  a  strong  solution  of  ammonium  acetate  of  a  sp.  gr.  of 
about  1040.  This  solution  does  not  harden  the  brain  to  any 
marked  degree,  nor  does  it  crystallize  out  during  desiccation, 
nor  by  its  deliquescent  properties  does  it  prevent  the  brain 
from  drying.  The  brain,  indeed,  may  be  preserved  in  this 
solution  for  many  weeks  in  a  suitable  state  for  the  process. 
It  should,  however,  be  cut  into  pieces  not  larger  than  wal¬ 
nuts  before  being  placed  in  the  fluid,  and  should  be  soaked 
in  water  for  several  hours  before  the  sections  are  made,  other¬ 
wise  it  will  be  found  that  the  brain  has  for  some  reason 
become  much  more  adhesive,  and  sections  when  made  cannot 
be  removed  from  the  knife  without  laceration. 

Part  II. 

By  means  of  the  process  of  which  I  have  now  given  the 
principal  details,  I  have  carefully  examined  many  brains, 
with  the  view  of  testing  various  views  which  have  been 
published  at  different  times  in  connection  with  the  Histology 
of  the  Brain  and  Nervous  Centres.  I  propose  here  to  give 
some  of  the  results  which  my  study  has  afforded  me,  and  in 
the  present  communication  I  intend  to  confine  my  observa¬ 
tions  to  the  structure  of  the  cerebellum  ;  since  my  mode  of 
investigation  enables  me  to  confirm  some  observations  made 
originally  by  Dr.  Obersteiner1  concerning  it,  which,  so  far  as 
I  am  aware,  have  not  yet  met  with  substantiation,  and  which 
do  not  even  appear  to  be  accepted,  if  I  may  judge  from  the 
fact,  that  though  Dr.  Meynert,  writing  in  ‘  Strieker’s  Com¬ 
parative  and  Human  Histology7',’  alludes  to  several  points 
mentioned  in  the  paper  quoted,  yet  omits  all  mention  of  those 
points  to  which  I  am  about  to  allude. 

Dr.  Obersteiner,  in  speaking  of  the  pure  grey  or  outer 
layer  of  the  cerebellum,  says  : — “  The  neuroglia  of  this  layer 
is  scattered  over  with  round  and  elongated  nuclei  of  a 
diameter  of  0  007  mil.  The  latter  scarcely  present  any  cell 
around  them,  and  probably  belong  to  the  connective  tissue. 
A  clear  border  surrounds  the  round  nuclei,  which  is  either 
round  or  angularly  drawn  out.  It  is  these  nerve-cells  with 
processes  which  unite  themselves  to  the  end  branches  of 
Purkinje’s  cells.”  I  find  that  if  in  a  section  made  perpen¬ 
dicularly  to  the  surface  of  the  cerebellum,  and  at  right  angles 
to  the  lamellae,  one  of  Purkinje’s  cells  be  brought  into 
view  under  a  magnifying  power  of  about  600  diameters  and 

1  “  Beitrage  zur  Kenntniss  vom  Bau  der  Kleinhirnrinde,”  ‘Sitzungsbericht 
d.  K.  K.  Acad,  der  Wissenschaft,’  Baud,  lx,  Heft  i.  Wien. 
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its  peripheral  process  traced  out,  the  following  appearances 
will  be  observed.  There  is  a  slight  variation  in  the  detail, 
according  as  the  cell  is  situated  at  the  top  or  side  of  the 
lamellae  or  at  the  bottom  of  the  sulci,  but  the  general  arrange¬ 
ment  is  as  follows : — (Fig.  1.)  Each  cell  gives  off  in  a 
direction  toward  the  surface  one  primary  trunk.  This  soon 
divides  into  two  secondary  trunks  which  pass  to  the  right 
and  left  in  a  direction  parallel  to  the  surface,  and  in  their 
progress  send  off  at  right  angles  numerous  branches,  which 
also  are  directed  towards  the  surface  or  towards  the  pia 
mater ;  and,  finally,  the  secondary  branches,  having  gradu¬ 
ally  become  smaller  and  smaller  in  their  course,  terminate 
themselves  by  turning,  like  the  smaller  processes,  towards 
the  surface. 

At  each  point  of  division  there  is  to  be  observed  a  small 
triangular  swelling,  which  might  aptly  be  compared  to  a 
small  blct,  such  as  might  occur  when  a  line  of  ink  is  drawn 
across  another  which  is  still  wet.  Yarious  opinions  have 
been  broached  as  to  the  nature  of  this  swelling.  Dr.  Mey- 
nert  seems  to  have  considered  it  due  to  a  loose  hyaline 
sheath  which  he  describes  as  investing  the  cells,  and  as 
prolonged  a  short  distance  on  the  larger  processes .  Dr. 
Obersteiner,  on  the  other  hand,  appears  to  think  it  due  to 
the  passage  from  one  branch  to  another  of  fibres  which  do 
not  pass  back  to  the  cells  of  Purkinje,  but  appear,  as  it 
were,  to  form  a  direct  outer  communication  between  the 
branches.  I  have  been  able  to  see  distinctly  this  triangular 
enlargement  at  the  union  of  some  of  the  finest  branches, 
such  as  are  described  below  as  connected  with  small  cells  in 
the  pure  grey  layer,  and  which  cannot,  I  think,  be  bundles 
of  fibres,  but  must  be  single  fibres.  If  such  is  the  case,  the 
enlargement  cannot  be  produced  in  the  mode  supposed  by 
Dr.  Obersteiner.  On  the  other  hand,  if  this  appearance  is 
due  to  a  sheath,  then  such  hyaline  investment  must  extend 
to  the  very  finest  fibres,  and  cannot  cease  at  the  point  men¬ 
tioned  by  Dr.  Meynert. 

The  fibres  running  outwards  may  be  seen  to  divide  and 
subdivide  into  very  fine  branches,  dividing,  not  three  or  four 
times  only,  as  might  be  supposed  from  the  drawings  given  in 
the  text-books  or  by  Dr.  Obersteiner,  but  much  more  fre¬ 
quently.  I  have  observed  one  branch  to  divide  more  than 
twenty-five  times. 

The  more  distant  branches  are  given  off  at  very  acute 
angles,  and  the  fibres,  after  a  very  short  distance,  run  a 
nearly  or  quite  parallel  course.  The  division  is  not  strictly 
dichotomous ;  for  in  many  instances  small  branches  are  given 
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off  from  the  sides  of  larger  ones,  though  more  usually  two 
branches  of  equal  size  result  from  the  division  of  one. 
Dichotomous  division  prevails  more  as  the  fibres  become 
smaller.  The  branches,  having  thus  become  finer  and  finer, 
are  ultimately  lost  to  view,  or  terminate  in  the  remarkable 
manner  described  by  Dr.  Obersteiner  (op.  cit.). 

In  my  preparations  the  union  of  the  fibres  with  the 
protoplasm  of  the  cells,  in  the  pure  grey  layer,  is  plain  and 
unmistakable,  and  resembles  very  closely  the  appearance 
described  by  Dr.  Obersteiner,  though  some  differences  may 
be  noted.  I  think  it  is  probable  that  these  are  due  to  the 
mode  of  preparation  of  the  object,  and  I  believe  that  my 
method  shows  the  structure  to  greater  advantage  than  did 
the  process  at  his  command.  Certainly  I  am  able  to  see  the 
structure,  and  the  artist  has  been  able  to  figure  it  much  more 
decisively  than  Dr.  Obersteiner  has  ventured  to  show  it. 
(Fig.  2.)  The  fine  fibres,  on  approaching  the  cells  in  which 
they  are  about  to  end,  are  seen  in  my  preparation  to  enlarge 
and  assume  the  character  of  the  protoplasm  of  the  cell,  into 
which  they  pass  without  line  of  demarcation.  Dr.  Ober¬ 
steiner,  however,  in  his  drawing,  depicts  the  cell  as  a  round 
ball,  into  which,  in  one  sketch,  a  fine  filament  is  seen  to  pass, 
and  only  into  its  proximity  in  his  other  sketch.  Probably 
this  appearance,  as  given  by  him,  was  due  to  the  shrinking 
of  the  tissue  in  the  process  of  hardening,  for  most  of  the  cells 
seen  in  my  preparations  are  not  round,  but,  as  Dr.  Meynert 
describes  them,  triangular  or  pastille-shaped.  Again,  there 
is  no  clear  space  around  the  cell  in  my  preparations,  which 
in  Dr.  Obersteiner’s  drawing  appears  so  wide  as  to  be  nearly 
equal  to  half  of  the  diameter  of  the  cell  itself. 

These  small  cells  are  not  only  seen  to  be  provided  with  a 
process  of  union  connecting  them  to  the  fibres  in  the  manner 
described,  but  also  to  give  off  others,  three  or  four  in  number, 
which  are  short,  but  which  divide  and  subdivide  until  they 
are  finally  lost  in  the  reticulo-molecular  ground  substance  of 
the  part.  The  “processes  of  union/’  which  are  connected 
with  Purkinje’s  cells  are  usually  directed  toward  that  layer 
of  cells,  but  this  is  not  an  invariable  arrangement.  My 
•preparations  corroborate  Dr.  Obersteiner’s  opinion  that  the 
terminal  branches  of  the  processes  are  directly  united  to 
cells,  and  that  also  side  twigs  are  given  off  in  a  more  or  less 
rectangular  direction,  which  also  join  cells,  each  fibre  making 
for  its  cell  a  kind  of  stalk.  I  have,  however,  more  frequently 
observed  the  former  kind  of  connection  than  the  latter. 

With  regard  to  the  questions — are  the  processes  invariably 
connected  with  cells  ?  and  are  all  the  cells  of  similar  character 
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and  appearance  connected  with  fibres  ?  I  can  give  no  definite 
answer.  I  have  observed  that  the  cells  in  any  given  space 
that  are  unconnected  with  these  processes  are  about  equal  in 
number  to  the  terminal  fibres,  which  appear  to  end  in¬ 
definitely  or  appear  unconnected  with  the  cells,  though  there 
may  be  a  slight  excess  in  number  on  the  side  of  the  fibres. 
The  more  intensely  the  preparation  is  stained,  the  greater  the 
number  of  those  connections  is  there  to  be  seen.  I  am  there¬ 
fore,  inclined  to  believe  that  it  is  owing  to  the  defective 
method  of  examination  that  we  are  still  unable  to  assert  that 
the  fibres  uniformly  terminate  in  cells. 

With  regard  to  the  statement  of  Dr.  Obersteiner  that  there 
are  nuclei  of  two  kinds  in  the  pure  grey  layer  of  Kolliker, 
I  may  state  that  I  believe  such  to  be  the  case.  Firstly,  there 
are  those  cells  which  are  surrounded  by  a  protoplasmic 
substance,  and  which  are  the  most  numerous ;  these  are  the 
cells  which  are  connected  with  the  fibres  from  the  cells  of 
Purkinje  ;  and,  secondly,  there  are  undoubtedly  others  around 
which  no  protoplasm  is  to  be  seen ;  these  are  either  round  or 
more  frequently  slightly  elongated,  and  both  Dr.  Obersteiner 
and  Dr.  Meynert  regard  them  as  free  nuclei  belonging  to  the 
neuroglia.  In  my  preparation  small  arteries  and  veins  may 
be  detected,  but  no  capillaries,  or,  if  any,  very  few,  and  these 
but  faintly  indicated  ;  but  by  taking  a  freshly  stained  portion 
of  cerebellum  and  teasing  it,  the  nuclei  of  the  capillaries  may 
be  readily  detected,  and  will  be  found  to  resemble  in  appear¬ 
ance,  shape,  and  size  the  second  kind  of  nuclei  referred  to 
above.  I  am  therefore  of  opinion  that  this  kind  of  nucleus 
belongs  to  the  capillaries,  and  is  not  an  element  of  the 
neuroglia.  That  such  is  the  case,  I  think,  derives  support 
from  the  fact  that  their  numbers  are  about  what  such  an 
origin  would  readily  account  for. 

The  annexed  chromo-lithographs  represent  with  great 
accuracy  the  appearances  seen  in  the  preparations,  both  with 
regard  to  form  and  to  colour.  Fig  1  is  magnified  140  dia¬ 
meters.  It  includes  a  part  of  every  layer  of  the  cortex  of 
the  human  cerebellum. 

Fig  2  is  a  highly  magnified  view  (950  diam.)  of  a  part  of 
the  pure  grey  layer  of  the  cerebellum  taken  at  a  spot  rather 
nearer  to  the  pia  mater  than  to  the  layer  of  Purkinje’s  cells. 
This  figure  is,  to  a  certain  degree,  diagrammatic.  The  most 
central  process,  with  its  attached  cell,  which  really  occupied 
a  position  below  and  to  the  left  of  the  structures  represented, 
has  been  inserted  in  place  of  a  fibre  which  did  not  show  any¬ 
thing  noteworthy.  There  was  in  the  preparation,  in  the  left 
upper  corner,  a  small  rent;  this  has  not  been  represented,  a 
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group  of  six  cells  and  nuclei  taken  from  another  part  of  the 
preparation  having  been  inserted  instead.  Of  the  four  nuclei 
in  this  group,  three  are  elongated  and  appear  to  belong  to 
the  vessels ;  the  most  internal  one,  on  the  contrary,  is  round, 
and  resembles  those  contained  in  the  cells.  Some  clue  to  the 
existence  of  these  free  rounded  nuclei  may  perhaps  be  afforded 
by  the  appearance  seen  at  another  part  of  the  plate.  In  the 
right  upper  corner  is  a  cell  of  which  the  protoplasm  is  so 
pale  as  scarcely  to  be  visible,  while  nearer  the  middle  of  the 
lithograph  is  a  nucleus  nearly  extruded  from  its  cell.  In  the 
lower  part  of  the  plate  are  to  be  seen  three  or  four  unequi¬ 
vocal  instances  of  union  of  fibres  derived  from  Purkinje’s 
cells  with  the  protoplasm  of  small  cells  in  the  outermost 
layer  of  the  adult  cerebellar  cortex.  Such  connections  are, 
of  course,  faithfully  copied  from  the  preparation. 
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On  the  Structure  of  the  Mucous  Membrane  of  the  Stomach 
in  the  Kangaroos.  By  Edward  A.  Schafer,  Assistant- 
Professor  of  Physiology ,  and  D.  James  Williams, 
Student  of  Medicine,  in  University  College,  London. 

(With  four  Plates.) 

The  observations  here  recorded  have  been  made  upon  the 
stomachs  of  two  Kangaroos  belonging  to  distinct  genera.  One  was 
that  of  the  great  Kangaroo,  Macropus  giganteus ;  the  other  of  Dor- 
copsis  luctuosa,  a  specimen  of  which  died  some  months  back  in  the 
gardens  of  the  Zoological  Society.  This  latter  has  been  described 
(P.  Z.  S.  18/5,  p.  48)  by  Prof.  A.  II.  Garrod,  the  Prosector  to  the 
Society,  to  whom  we  are  indebted  for  the  opportunity  of  examining 
the  organ  in  question  in  these  animals..  Our  original  object  was 
simply  to  record  in  general  terms  the  differences  in  microscopic  struc¬ 
ture  presented  by  those  parts  of  the  membrane  which  have  a  different 
appearance  to  the  naked  eye  ;  but  since,  in  spite  of  recent  researches, 
our  knowledge  of  the  minute  structure  of  the  gastric  mucous  mem¬ 
brane  is  still  confessedly  imperfect,  it  became  obvious  that  it  would 
be  necessary  to  enter  upon  a  minute  examination  of  the  several 
parts  ;  especially  as  they  present  very  well-marked  differences,  and, 
in  some  cases,  peculiarities  of  structure  which  tend  to  elucidate 
points  yet  in  dispute  with  regard  to  the  gastric  mucous  membrane 
of  the  higher  Mammalia  and  of  Man. 

As  is  well  known,  the  stomach  is,  in  the  Kangaroo,  a  long  saccu¬ 
lated  organ  not  unlike  the  human  colon;  and  the  sacculations,  as  in 
that,  are  due  to  the  presence  of  three  longitudinal  bands  of  plain 
muscular  fibre,  situate  on  the  exterior  underneath  the  serous  mem¬ 
brane  and  shorter  than  the  rest  of  the  gastric  wall,  so  that  this  is 
bulged  out  at  intervals  into  sacculi  separated  by  constrictions  or 
inward  folds  of  the  membranous  wall.  One  of  the  three  bands  is 
placed  below  along  the  greater  curvature ;  and  it  is  on  either  side  of 
this  that  the  sacculi  are  most  marked ;  there  are  none  at  the  lesser 
curvature,  nor  is  the  pyloric  extremity  sacculated  at  any  part  of 
its  circumference.  Besides  the  inwrardly  projecting  folds  between 
the  sacculi,  and  which  involve  all  the  coats  of  the  stomach,  the 
mucous  membrane  shows  the  rugse  ordinarily  met  with  in  a  stomach 
not  completely  distended,  and  produced  by  contraction  of  the  mus¬ 
cular  coat.  There  are  also  in  certain  parts  more  minute  folds, 
which  would,  no  doubt,  be  effaced  by  complete  distention  of  the 
organ,  and  which  are  probably  due  to  a  similar  contraction  of  the 
muscular  layer  of  the  mucous  membrane  ( muscularis  mucosce). 

In  the  diagrams  of  the  two  stomachs  which  are  here  given,  and  in 
the  accompanying  general  description,  they  are  for  convenience’  sake 
treated  as  if  they  were  more  or  less  straight  organs  extending  across 
the  body  from  left  to  right  as  in  the  human  subject,  whereas  in 
reality  they  are  twisted  upon  themselves.  A  detailed  description  of 
the  form  of  the  marsupial  stomach  and  its  relations  to  other  parts  is, 
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of  course,  foreign  to  the  subject  of  the  present  paper,  and  must  be 
sought  in  recognized  treatises  on  comparative  anatomy  *. 

Obvious  characters  of  the  Mucous  Membrane. 

With  the  unassisted  eye  three  distinct  regions  can  be  detected  in 
the  stomachs  of  both  animals,  the  mucous  membrane  presenting  well- 
marked  differences  in  feel,  appearance,  and,  as  will  be  presently  seen, 
in  microscopic  structure.  For  the  most  part  they  are  marked  off 
from  each  other  by  distinct  lines  of  demarcation ;  these,  however,  are 
more  obvious  between  the  first  and  second  regions  than  between  the 
second  and  third,  although,  in  the  latter  case  also,  especially  in  Dor- 
copsis ,  the  distinction  can  be  made  out  even  with  the  naked  eye. 

In  the  two  species  examined  these  three  regions  have  somewhat 
different  distributions,  as  is  indicated  in  the  accompanying  diagrams. 
Thus,  in  Borcopsis  (Diagram  1)  the  first  or  cardiac  region  (A),  which 

Diagram  1. 


Stomach  of  Borcopsis  luctuosa. 


is  covered  with  an  epithelium  obviously  continuous  with  and  similar 
to  that  of  the  gullet,  occupies  more  than  a  third  of  the  inner  surface 
of  the  organ,  lining  the  whole  of  the  cardiac  fundus,  and  terminating 
towards  the  middle  of  the  stomach  hy  a  well-marked  line  of  demar¬ 
cation  (  X  ),  which  extends  from  the  lesser  curvature  obliquely  down¬ 
wards  and  to  the  left  along  the  anterior  and  posterior  walls  to  end  in 
the  greater  curvature  about  opposite  to  the  opening  of  the  gullet,  or  a 
little  to  the  right  of  that  point.  Commencing  on  either  side  of  the 


*  The  following  are  the  dimensions  of  the  organs  as  they  appear  after  pre¬ 
servation  in  spirit : — 

/  Borcopsis 

luctuosa. 

ft.  in. 

Length  along  lesser  curvature .  1  0 

Length  along  greater  curvature,  the  sacculations 

not  being  taken  into  account  .  1  7 

Length  along  greater  curvature,  reckoning  in  the 

sacculations  .  2  10  5  0 

Greatest  circular  measurement  .  0  7  0  7 


Macropus 

giganteus, 

ft.  in. 

1  8 

2  5 


In  both  cases  the  stomachs  were  filled  with  partially  digested  food. 
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cardia  two  parallel  ridges  or  folds  of  the  mucous  membrane  (not 
represented  in  the  diagram)  pass  for  about  3  inches  along  the  lesser 
curvature,  depending  into  the  cavity  of  the  organ.  They  are  little 
more  than  half  an  inch  apart,  and  not  quite  half  an  inch  in  depth  ;  they 
become  less  prominent  and  gradually  subside  towards  their  termina¬ 
tion.  They  bring  to  mind  the  ridges  which  are  found  in  a  somewhat 
similar  situation  in  the  Ruminant  stomach,  but  they  are  by  no  means 
so  strongly  muscular.  The  second  region  (B)  commences  at  the  ob¬ 
lique  line  above  traced  out,  which  separates  it  from  the  first  or  cardiac 
region,  and  extends  from  here  to  the  left,  as  far  as  the  pylorus, 
comprehending  all  the  rest  of  the  inner  surface  of  the  organ  except  a 
circular  patch  ( c )  about  2|  inches  in  diameter,  which  occupies  the 
pyloric  fundus.  This  patch  is  distinguishable  to  the  unaided  eye 
chiefly  by  its  greater  thickness,  smoother  surface,  and  by  a  slight 
furrowed  line  which  partly  encloses  it.  It  shows  under  the  microscope 
glands  differing  in  character  from  those  of  the  surrounding  region, 
and  is  therefore  here  described  as  a  third  region  of  the  mucous  mem¬ 
brane.  But  this  third  region  is  not  entirely  confined  to  the  circular 
patch  ;  for  a  narrow  tract  of  mucous  membrane  ( n )  containing  similar 
glands  extends  from  the  upper  limit  of  the  patch  on  either  side  to 
meet  its  fellow  above  at  the  lesser  curvature,  thus  completing  an 
irregular  zone  around  this  part  of  the  stomach. 

Diagram  2. 


In  Macropus  giganteus  the  epithelium  of  the  first  region  (Diagram 
2,  A)  has  a  much  more  limited  distribution  than  in  Dorcopsis. 
The  tract  which  it  covers  is  widest  in  the  neighbourhood  of  the 
gullet,  whence  it  passes  over  the  front  and  back  of  the  stomach. 
Even  here  it  does  not  extend  as  far  down  as  the  greater  curvature ; 
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so  that  the  two  parts  do  not  meet  below.  Moreover  the  left  end  of 
the  stomach,  which  terminates  in  a  pouch-like  projection  (p),  is  not 
lined  by  this  epithelium,  although  a  second  smaller  pouch  ( p ), 
directed  upwards  and  situated  nearer  the  gullet  than  the  first  one, 
receives  a  lining  from  it.  Both  these  pouch-like  projections  are 
present  also  in  Dorcopsis  liictiiosa  ;  but  they  are  both  lined  with  hard 
epithelium  like  that  of  the  rest  of  the  cardiac  fundus  in  this  animal. 
Anteriorly  the  hard  epithelium  gradually  narrows  in  Macropus 
giganteus  until  it  becomes  reduced  to  a  mere  strip  along  the  lesser 
curvature,  and  eventually  ceases  altogether  about  halfway  between 
fhe  two  extremities  of  the  stomach.  The  ridges  of  mucous  mem¬ 
brane  which  extend  towards  the  right  from  either  side  of  the  cardiac 
orifice  are  only  slightly  marked  in  the  stomach  of  Macropus.  The 
second  region  (B)  has  a  greater  extent  in  Macropus  giganteus  than 
in  Dorcopsis.  It  occupies  all  the  rest  of  the  inner  surface  of  the 
stomach  except  (as  in  Dorcopsis )  a  circular  patch  (c)  about  3 
inches  in  diameter,  situate  at  the  pyloric  fundus,  and  not  marked  off 
from  the  rest  by  any  well-defined  naked-eye  appearances  except  the 
great  thickness  of  the  mucous  membrane.  But  microscopical  exa¬ 
mination  shows  that  the  glands  of  this  patch  present  material  dif¬ 
ferences  from  those  of  the  rest  of  the  stomach,  whilst  resembling 
those  of  the  corresponding  part  of  the  Dorcopsis  stomach  ;  so  that  this 
patch  is  to  be  taken  as  representing  the  third  region  in  Macropus  also. 
The  tract  n ,  moreover,  which  passes  in  Dorcopsis  over  the  upper 
part  of  the  stomach  in  this  place,  is  also  represented  in  Macropus. 
The  second  region  may  be  said  to  commence  at  the  extreme  end  of 
the  cardiac  fundus,  where  its  mucous  membrane  lines  the  pouch  ( p ) 
above  referred  to  as  not  being  covered  by  the  hard  gullet-epithelium  ; 
from  here  it  passes  to  the  right,  along  the  greater  curvature  of  the 
stomach,  gradually  narrowing  at  first,  so  that  opposite  the  oesophagus 
it  forms  a  strip  only  about  |  of  an  inch  wide,  bounded  on  either 
side  by  the  epithelium  of  the  first  region,  but  subsequently  becoming 
gradually  wider  until  it  extends  continuously  round  the  organ. 

In  both  animals  the  mucous  membrane  of  the  second  region  has 
here  and  there  insular  elevations  flattened  on  the  surface  and  beset  all 
over  with  small  rounded  eminences,  each  with  a  little  pit  at  its  summit 
as  if  made  with  the  point  of  a  pin.  These  elevated  patches  vary  in 
size,  but  seem  to  have  a  fairly  regular  distribution  (Diagrams  1  and 
2,  l ,  l ).  Thus  in  both  animals  there  is  a  large  triangular  patch  on 
each  wall  of  the  stomach,  the  base  of  which  is  close  to  the  third  region 
of  the  mucous  membrane,  while  the  apex  of  the  triangle  extends 
upwards  and  to  the  left  towards  the  lesser  curvature.  From  near 
the  apex  a  chain  of  smaller  and  more  circular  patches  is  continued 
for  some  distance  parallel  to  the  line  of  demarcation  between  the  first 
and  second  regions — in  Dorcopsis ,  in  fact,  as  far  as  the  second  region 
extends.  As  the  result  of  microscopical  examination  clearly  shows, 
these  elevations  are  owing  to  accumulations  of  lymphoid  tissue  in  and 
beneath  the  raucous  membrane ;  and  they  may  therefore  be  termed 
“lymphoid  patches.”  They  are  in  many  respects  analogous  to 
Peyer’s  patches  of  the  small  intestine. 


STRUCTURE  OF  THE  GASTRIC  MUCOUS  MEMBRANE. 


0 


Microscopical  Characters  of  the  Mucous  Membrane. 

The  results  of  the  microscopical  examination  of  the  several  regions 
correspond  for  the  most  part  in  both  animals  (as  might  indeed  have 
been  expected  in  genera  so  closely  allied) ;  so  that  the  same  description 
will  apply  to  both.  We  shall  afterwards  take  the  opportunity  of 
pointing  out  any  special  peculiarity  which  may  obtain  in  either.  The 
figures,  which  have  been  taken  indiscriminately,  some  from  the  one 
animal  and  some  from  the  other,  will,  for  the  most  part,  serve  to 
illustrate  the  structure  of  the  corresponding  parts  in  both. 

The  Mucous  Membrane  of  the  First  Region. — This  is  covered  with 
a  coating  of  dense  stratified  epithelium  (Plate  I.  fig.  1,  S )  con¬ 
tinuous  with  that  of  the  gullet,  and  resembling  it  in  all  respects.  It 
is  harsh  to  the  feel,  and  in  this  respect  contrasts  strongly  with  the 
soft  mucous  membrane  of  the  second  and  third  regions.  It  is  unne¬ 
cessary  to  enter  into  details  of  structure  as  regards  this  epithelium, 
since  it  resembles  others  of  its  class,  the  lowermost  cells  (cf)  being 
rounded  or  somewhat  columnar,  the  layers  above  these  composed  of 
polyhedral  elements  with  dentated  or  ridged  surfaces,  and  those 
above  these  again  swollen  and  enlarged  ;  finally,  most  superficial  of  all 
are  several  strata  of  flattened  scaly  cells  forming  a  horny  layer  (A) 
distinguished,  both  by  its  somewhat  fibrous  appearance  in  section 
and  by  its  different  reactions  to  staining  fluids,  from  the  Malpighian 
layer  or  layers  upon  which  it  rests.  Plere  and  there  one  or  two 
lymphoid  corpuscles  are  to  be  seen  in  between  the  deeper  epithelium- 
cells.  A  few  papillae  of  the  mucous  membrane  project  into  the 
deeper  parts  of  the  epithelium  ;  but  neither  an  inspection  of  sections 
that  were  made  from  different  parts,  nor  a  careful  examination  of 
the  surface,  could  detect  any  racemose  or  tubular  glands  of  any  sort 
in  the  region  covered  by  this  epithelium.  At  the  line  of  demarcation 
separating  it  from  the  glandular  portion  of  the  stomach,  the  surface 
of  the  mucous  membrane  undergoes  an  abrupt  change,  perceptible 
as  easily  by  the  unassisted  eye  and  hand  as  with  the  aid  of  the 
microscope.  The  manner  in  which  the  change  takes  place  is 
represented  in  the  figure,  but  will  be  more  readily  understood  after 
the  structure  of  the  succeeding  portion  of  the  stomach  has  been 
described.  It  is  sufficient  here  to  mention  that  all  the  layers  of 
cells  of  which  the  stratified  epithelium  is  composed  cease  abruptly, 
with  the  exception  of  the  deepest  layer ;  this,  on  the  contrary, 
becomes  directly  continued  into  the  simple  layer  of  columnar  epi¬ 
thelium  which  covers  the  whole  of  the  glandular  portion,  and  which 
sends  prolongations  into  the  mouths  of  the  glands. 

The  Mucous  Membrane  of  the  Second  Region. — This  region  and 
the  remaining  one  include  the  whole  of  the  glandular  portion  of  the 
organ.  The  mucous  membrane  is  soft  to  the  feel  and  of  considera¬ 
ble  thickness ;  and  its  surface  is  closelv  dotted  with  the  orifices  of 
the  tubular  glands  (Plate  I.  fig.  2),  which  are  densely  arranged 
and  pass  either  vertically  or  somewhat  obliquely  through  the  whole 
thickness  of  the  membrane  (which  may,  indeed,  be  stated  to  be  in 
a  large  measure  composed  of  them)  as  far  as  the  muscularis  mucosae 
( m .  m ),  which,  as  in  man,  limits  the  mucous  membrane  and  sepa- 
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rates  it  from  the  submucous  areolar  tissue.  Each  gland-tube  is 
bounded  (or  rather  may  be  said  to  be  formed)  by  a  delicate  basement 
membrane,  appearing  in  section  as  a  mere  line  outside  the  epithe¬ 
lium  of  the  gland.  The  tubes  are  cylindrical  for  the  greater  part 
of  their  length,  but  are  somewhat  enlarged  towards  the  orifice,  and 
also  usually  swollen  out  at  the  bottom  ( b ).  The  surface  of  the 
mucous  membrane  between  the  orifices  of  the  tubular  glands  is,  as 
usual,  covered  by  a  single  layer  of  characteristic  columnar  epithelium- 
cells  (c),  with  the  attached  ends  tapering,  apparently  designed,  like 
the  bricks  in  an  arch,  to  accommodate  themselves  to  the  rounded 
surface  to  which  they  are  attached ;  and  this  epithelium  is  con¬ 
tinued  also  into  the  openings  themselves.  Tracing  it  further  into 
the  gland,  we  find  the  cells,  still  columnar,  less  tapering  at  their 
fixed  extremities  ;  and,  moreover,  while  in  the  mouths  of  the  glands, 
as  on  the  general  surface,  they  stand  vertical  to  the  basement 
membrane  with  their  free  ends  on  the  same  level,  in  the  throat 
of  the  glands,  on  the  other  hand,  they  slant  upwards,  so  that  they 
more  or  less  overlap  one  another  (fig.  2,  n).  Further  downwards 
in  the  tube  the  cells  become  gradually  shorter,  so  as  to  appear 
quadrangular  or  cubical  in  form  ;  at  the  same  time  the  lumen  of  the 
tube  becomes  much  narrowed,  and,  indeed,  in  vertical  sections  of  the 
mucous  membrane  is  in  some  parts  hardly  perceptible.  These  shortly 
columnar  or  cubical  epithelium-cells  occupy  the  greater  part  of  the 
length  of  the  tube  (m).  They  have  each  a  very  distinct  round  or 
oval  nucleus  with  one  or  two  nucleoli ;  and  the  protoplasm  of  the  cell, 
which  is  granular  in  appearance,  becomes  stained  by  logwood, 
although  not  nearly  so  intensely  as  the  nucleus. 

Towards  the  fundus  (b)  of  the  gland  the  cells  undergo  a  change. 
They  become  gradually  larger,  and  rounded  or  polyhedral  in  shape ; 
their  outlines  become  more  distinct ;  and  the  substance  of  the  cell 
acquires  a  clear  or  very  faintly  granular  aspect,  and,  moreover, 
becomes  hardly  at  all  stained  by  logwood.  Further,  the  nuclei,  for 
the  most  part,  have  not  their  usual  characteristic  vesicular  appearance, 
but  in  most  of  the  cells  (which  line,  and  in  some  cases  almost  fill, 
the  fundus)  appear  as  intensely  stained,  shrunken  or  compressed 
bodies,  usually  situated  excentrically  in  the  cell,  and  not  frequently 
flattened  up  against  the  basement  membrane.  In  short,  the  appear¬ 
ance  of  these  polyhedral  cells  of  the  fundus  of  the  gland  brings 
strongly  to  mind  the  cells  which  occupy  the  alveoli  of  the  sali¬ 
vary  glands  (submaxillary) ;  and  it  is  not  impossible  that  the 
clear,  swollen  aspect  they  present  may  be  due  to  a  cause  similar  to 
that  to  which  the  salivary  cells  are  believed  to  owe  their  characteris¬ 
tic  appearance,  the  presence,  namely,  within  the  cells  at  the  time 
of  death  of  mucus  or  some  similar  substance,  which  swells  up  on 
the  addition  of  fluid.  Or  it  may  be  that  the  protoplasm  of  these 
lowermost  cells  is  younger  and  less  changed  than  that  of  the  other 
cells  of  the  gland,  and  consequently  that  they  are  more  readily  acted 
upon  by  reagents,  or  by  the  secretion  of  the  gland  itself  after  death, 
than  the  rest.  At  any  rate  there  seems  a  close  analogy  between  the 
structure  of  the  deeper  parts  of  these  tubular  glands  and  the  alveoli 
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of  the  compound  racemose  glands.  At  the  same  time  it  must  be 
remembered  that  some  of  the  latter  class  of  glands,  the  pancreas  for 
example,  do  not  exhibit  the  clear,  swollen-out  cells  with  excentrically 
placed  nuclei,  but  their  alveolar  walls  resemble  more,  on  the  contrary, 
the  cubical  cells  of  the  middle  parts  of  the  tubular  glands  above 
described  ;  and  it  is  worthy  of  note  that  in  some  parts  of  the  second 
region  of  the  Kangaroo  stomach,  those  for  instance  in  the  neigh¬ 
bourhood  of  the  pylorus,  the  tubular  glands,  which  are  here  very 
long,  are  lined  in  the  deeper  as  well  as  in  the  middle  parts,  by  cubical 
or  shortly  columnar  cells  which  are  similar  throughout. 

The  substance  of  the  mucous  membrane  between  the  tubular 
glands  of  the  second  region  is  in  most  parts  composed  of  delicate 
connective  tissue  with  numerous  corpuscles,  supporting  the  blood¬ 
vessels.  Here  and  there  well-defined  cleft-like  spaces  are  seen  in  the 
sections.  These,  no  doubt,  represent  the  lymphatics  which  are  now 
known  to  be  so  numerous  in  the  gastric  mucous  membrane  *.  They 
are  particularly  large  and  well  marked  in  the  neighbourhood  of  the 
pylorus  (fig.  5). 

In  some  places  the  interglandular  tissue  contains  a  considerable 

number  of  lymphoid  cells ;  but  this  is  more  particularly  the  case  in 

the  neighbourhood  of  the  lymphoid  patches,  to  the  description  of 

which  we  shall  immediately  come.  Moreover  a  certain  amount  of 

•/ 

lymphoid  tissue  may  intervene  between  the  bases  of  the  glands  and 
the  muscularis  mucosee.  This  last-named  layer  consists  in  most 
parts  of  two  strata  of  muscular  fibre-cells  which  cross  one  another, 
the  inner  being  circular,  the  outer  longitudinal  in  direction.  From 
the  more  superficial  or  inner  stratum  bundles  of  fibre-cells  pass  up 
here  and  there  between  the  glands,  towards  the  surface ;  but  it  has 
not  been  easy  to  trace  their  ultimate  destination.  Probably  they 
become  eventually  attached  to  the  basement  membrane. 

Structure  of  Lymphoid  Patches . — These  localized  elevations  or 
thickenings  dilfer  from  the  rest  of  the  mucous  membrane  of  the  second 
region  in  the  fact  that  both  mucosa  and  submucosa  are  largely  formed 
by  lymphoid  tissue,  i.e.  lymph  corpuscles  supported  by  a  fine  retiform 
tissue.  This  (fig.  3)  extends  in  the  mucosa  towards  the  surface  of 
the  membrane  between  the  glands,  and  is  also  found  as  a  distinct 
stratum  at  their  base.  In  the  submucosa  it  forms  a  layer  of  some 
thickness  immediately  underneath  the  muscularis  mucosae.  The 
lymphoid  tissue  does  not  form  a  uniform  layer,  but  is  gathered 
at  intervals  into  well-marked  nodules  or  follicles  (fig.  4),  which  cause 
the  small  rounded  elevations  already  noticed  on  the  surface  of  the 
lymphoid  patch.  Each  of  these  elevations  is,  it  will  be  remembered, 
marked  with  a  small  central  pit  ( d ).  At  the  bottom  of  this  the 
tubular  glands  fail,  and  the  summit  of  the  follicle  is  separated 
from  the  free  surface  merely  by  the  layer  of  columnar  epithelium, 
which  itself  contains  numerous  lymph  corpuscles  between  the 
columnar  cells ;  and  these  are  also  to  be  noticed  free  within  the 
depression,  as  if  they  had  emigrated  from  the  subjacent  lymphoid 
nodule.  Indeed  it  may  be  doubted  whether  in  some  instances  the 

*  Loven,  Nord.  Med.  Arkiv,  1873. 
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covering  of  epithelium  over  the  summit  of  the  nodule  may  not  be 
altogether  absent ;  some  of  the  sections  obtained  appear  to  show 
this  ;  but  it  is  possible  that  it  may  have  become  accidentally  detached. 
Below  the  lymphoid  layer  of  the  submucosa  is  the  ordinary  connec¬ 
tive  tissue  of  that  tunic  ( s .  m )  supporting  the  larger  blood-vessels, 
nerves,  and  lymphatics ;  and  at  the  base  of  each  follicular  accumu¬ 
lation  there  is  commonly  (as  shown  in  fig.  3)  a  large  lymphatic  sinus, 
into  which  the  follicle  partly  dips.  At  other  places  the  lymphoid 
tissue  of  the  mucosa  is  separated  from  that  of  the  submucosa  by  the 
layer  of  muscularis  mucosrn  (fig.  3,  m.  m)  ;  but  the  latter  is  wanting 
opposite  the  summit  of  each  follicle  (fig.  4),  and  the  lymphoid  tissue 
of  the  one  blends  with  that  of  the  other.  In  this  particular,  as  in 
most  others,  the  lymphoid  patches  of  the  Marsupial  stomach  exactly 
resemble  the  patches  of  Peyer  of  the  human  ileum,  only  that  in  the 
latter  the  lymphoid  follicles  occupy  more  of  the  mucous  membrane 
and  come  entirely  to  the  surface,  whereas,  in  the  gastric  patches  in 
question,  the  follicles,  as  well  as  the  remainder  of  the  lymphoid 
tissue,  are  surmounted  by  tubular  glands,  except  at  the  centre  of 
each,  where  the  surface  is  pitted  in  as  far  as  the  summit  or  cupola 
of  the  follicle.  The  glands  over  these  lymphoid  patches  are  some¬ 
what  shorter  than  those  which  are  found  in  the  rest  of  the  mucous 
membrane  of  the  second  region,  but  entirely  agree  with  them  in 
structure  (figs.  3  &  4). 

Transition  of  the  Stratified  Epithelium  of  the  First  Region  into  the 
simple  Columnar  Epithelium  of  the  Second  Region. — The  manner  in 
which  this  occurs  will  be  readily  understood  by  again  referring  to 
fig.  1.  Close  to  the  limit  between  these  two  regions  the  stratified 
epithelium  ( S )  of  the  first  is  of  considerable  thickness,  nearly  as  thick, 
indeed,  as  the  whole  mucous  membrane  of  the  second.  If  the  lower 
line  of  the  epithelium  be  followed,  it  will  be  seen  that  just  as  it  ap¬ 
proaches  the  junction  it  rises  rather  abruptly  towards  the  surface,  the 
layers  of  cells  above  it  being  continually  less  and  less  numerous  until 
they  are  reduced  to  six  or  eight  only.  The  lowermost  columnar  cells 
(c  )  of  the  stratified  epithelium  then  become  directly  continued  into 
the  simple  columnar  epithelium  ( c )  of  the  glandular  region,  whilst 
the  layers  above  it  cease  abruptly,  one  or  two  cells  often  projecting 
at  the  edge  like  bricks  from  the  end  of  a  wall.  The  tubular  glands 
begin  immediately  beyond  this,  the  first  ones  passing  down  parallel 
with  the  ascending  line  of  the  stratified  epithelium ;  but  they  are 
separated  from  it  by  somewhat  more  of  the  tissue  of  the  mucosa 
than  they  are  from  one  another.  This  tissue  (i,  i)  contains  very 
numerous  lymphoid  cells,  and  many  are  seen  also  in  between  the 
lower  cells  of  the  stratified  epithelium  of  the  immediate  neighbour¬ 
hood  (at  ly).  Transitional  forms  of  epithelium  between  the  scaly 
stratified  and  the  columnar  (as  described  by  Henle  at  the  line  of 
transition  of  gullet  into  stomach-epithelium  in  man)  do  not  occur, 
but  the  passage  of  the  one  into  the  other  is  quite  abrupt  and  effected 
by  the  cessation  of  all  the  layers  of  the  stratified  epithelium  except 
the  lowermost. 

Structure  of  the  Second  Region,  in  the  neighbourhood  of  the 
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Pylorus. — The  lining  membrane  as  well  as  the  muscular  coat  is  here 
very  thick,  especially  in  Macropus  giganteus  ;  and  the  gland-tubes 
are  correspondingly  long  (fig.  5).  They  are  not  enlarged  at  the 
fundus  ;  and  the  cells  of  this  are  similar  in  appearance  to  those  of  the 
rest  of  the  tube.  Numerous  bundles  of  muscular  tissue  (mb  mJ)  pass 
from  the  muscularis  mucosae  upwards  towards  the  glands.  But  the 
most  striking  feature  of  the  part  is  the  number  and  size  of  the 
lymphatics  (l,  l).  These  appear  in  sections  as  large  well-defined 
clefts  in  the  connective  tissue  between  the  glands.  The  clefts  are 
not  merely  accidental ;  for  they  have  a  definite  wall  of  flattened 
nucleated  cells,  like  the  commencing  lymphatics  elsewhere. 

Two  such  clefts  of  considerable  size  are  seen  between  the  glands  in 
fig.  5  ;  other  smaller  clefts,  also  far  the  most  part  representing  sec¬ 
tions  of  lymphatics,  are  seen  in  the  interglandular  tissue  in  various 
parts  of  the  mucous  membrane.  It  will  be  observed,  moreover,  that 
the  lymphoid  tissue  at  the  base  of  the  glands  is  more  abundant  here 
than  in  the  rest  of  the  second  region  (fig.  2),  with  the  exception  of 
the  lymphoid  patches,  and  that  the  prolongations  of  the  muscularis 
mucosae  towards  the  surface  between  the  glands  are  more  numerous 
( m  .m '). 

The  Mucous  Membrane  of  the  Third  Region. — This  is  very  thick 
both  in  Dorcopsis  luctuosa  and  in  Macropus  giganteus ,  the  thickness 
being  as  usual  due  to  the  length  of  the  gland-tubes.  These  resemble 
in  many  respects  those  of  the  pyloric  part  of  the  second  region  just 
described ;  thus  they  are  long  straight  tubes  lined  near  the  orifice 
with  columnar  epithelium,  and  in  all  the  rest  of  their  extent  with 
small  cubical  or  polyhedral  cells,  which  in  many  parts  nearly  fill  up 
the  tubes.  But  there  is  this  important  difference,  that  superadded 
to  these  and  situated  outside  of  them  (but  still  within  the  basement 
membrane,  which  they  often  cause  to  bulge  outwards)  there  are,  in 
the  middle  parts  of  the  length  of  the  gland  (figs.  6  &  7),  certain 
other  cells  of  a  spheroidal  or  ovoidal  shape  and  granular  appearance. 
These  are  what  have  long  been  known  as  peptic  cells  ;  since  it  is 
believed,  although  it  has  not  yet  been  conclusively  proved,  that  they 
are  the  source  of  the  pepsin  of  the  gastric  juice.  They  were  termed 
by  Rollett*  the  delomorphous  cells  of  the  gland,  whilst  the  other, 
more  centrally  situated,  and  usually  less  obvious  cells,  which  are 
continuous  above  with  the  columnar  epithelium  of  the  surface,  he 
has  termed  adelomorphous.  For  the  present  it  will  be  better  to 
adhere  to  the  old  terminology  ( peptic  cells )  for  the  rounded  cells, 
and  to  term  the  angular  ones,  which  line  the  whole  tube  within  them, 
central  cells.  The  glands,  moreover,  in  which  the  peptic  cells  occur 
we  may  continue  to  term  the  peptic  glands,  and  the  region  of  the 
stomach  occupied  by  them  the  peptic  region,  without  at  the  same 
committing  ourselves  so  far  as  to  maintain  that  the  other  portions 
of  the  stomach  do  not  also,  as  some  physiologists  think,  yield 
pepsin. 

To  return  to  the  structure  of  the  glands.  The  spheroidal  peptic 
cells  vary  in  number  in  different  glands,  being  fewest  in  the  parts  of 

*  Untersuchungen,  1871. 
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the  peptic  region  which  are  nearest  the  boundary  between  this  and 
the  second  or  general  glandular  region.  It  frequently  happens  that 
these  peptic  cells  do  not  reach  the  fundus  (6)  of  the  gland,  which 
is  not  larger  in  these  glands  than  the  rest  of  the  tube,  and  is  occu¬ 
pied  exclusively  by  central  cells  which  resemble  the  cubical  cells 
of  the  other  glands,  but  are  smaller  and  more  closely  packed.  The 
distribution  of  the  peptic  cells  in  the  glands  is  well  shown  in  fig.  6, 
which  is  a  sketch  of  part  of  a  vertical  section  from  the  middle  of  the 
peptic  region  as  seen  under  a  low  power.  The  preparation  was 
stained  with  aniline  blue,  according  to  Heidenhain’s  directions*;  the 
peptic  cells  become  much  more  deeply  stained  by  this  than  the  rest 
of  the  tissue,  and  the  limit  of  their  distribution  can  be  readily  made 
out.  They  are  seen  to  be  absent  near  the  orifices  of  the  glands, 
where  the  tubes  are  lined  with  columnar  epithelium. 

The  relation  of  the  peptic  cells  to  the  central  cells  is  best  seen  in 
the  horizontal  sections  (as  in  fig.  8,  which  is  taken  from  the  Dorcop- 
sis  stomach).  Here  the  peptic  cells  (p,  p)  lie  immediately  outside 
the  central  cells  ( c ,  c)  (which  almost  fill  up  the  tube,  leaving  but  a 
very  small  lumen)  and  in  close  contact  with  them.  But  in  Macropus 
the  contact  is  not  so  close  ;  for  the  basement  membrane  of  the  gland 
sends  horizontal  lamellar  projections  inwards,  partially  surrounding 
the  spheroidal  ceils  and  separating  them  more  from  the  central  ones. 

It  can  be  clearly  made  out  (both  in  vertical  sections  showing  the 
glands  along  their  whole  length,  and  in  sections  carried  obliquely 
across  them  so  that  in  different  parts  of  the  section  different 
levels  of  the  tubes  are  cut)  that  the  central  cells  are  directly  con¬ 
tinuous  at  the  neck  of  the  glands  with  the  gradually  shortening 
columnar  cells  of  the  gland-mouth,  and  resemble,  therefore,  in  this 
respect  the  cubical  cells  which  line  the  greater  part  of  the  tubes  of 
the  second  region In  general  aspect  too  the  central  cells  resemble 
those ;  but  they  are  for  the  most  part,  as  before  mentioned,  smaller 
and  more  angular  and  closely  packed.  This  is  especially  the  case 
at  the  base  of  the  gland,  where  the  cells  almost  entirely  fill  the  tube 
so  as  to  leave  little  or  no  lumen  (fig.  9). 

Transition  between  the  Second  and  Third  Regions. — The  line 
of  demarcation  between  these  is  best  marked,  as  before  stated,  in 
JDorcopsis ,  where  there  is  a  slight  furrow  between  them,  the 
mucous  membrane  increasing  rapidly  in  thickness  on  the  peptic 
side  of  the  furrow.  A  section  across  the  line  and  including  a  part 
of  each  region,  is  shown  in  fig  10,  as  seen  under  a  low  power  in  a 
preparation  stained  with  aniline  blue.  The  glands  of  the  second 
region  become  gradually  shorter  until  opposite  the  bottom  of  the 
furrow,  where  they  are  shortest ;  those  beyond  rapidly  increase  in 
length,  but  exhibit  at  first  exactly  the  same  structure.  At  about 
the  third  or  fourth  row,  however,  a  few  peptic  cells  become  super- 

*  Arch.  f.  mikr.  Anat.  vi.  1870. 

t  Strictly  speaking,  these  cells  are  not  cubical ;  for  although  they  appear  so 
when  the  glands  are  seen  longitudinally,  they  must  of  course,  as  seen  in  a  trans¬ 
verse  section  of  the  glands,  become  narrower  towards  the  lumen;  so  that  the 
shape  of  each  cell  is  in  reality  that  of  a  truncated  wedge. 
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added  to  the  others  about  the  middle  of  the  glands ;  and  these 
increase  in  number  and  occupy  a  greater  length  of  the  gland  as  we 
proceed  further  into  the  third  region,  until  after  a  few  more  tubes 
they  are  found  throughout  the  greater  part  of  the  length  of  the 
glands ;  so  that  from  a  study  of  the  mode  in  which  the  two  kinds 
of  glands  pass  into  one  another,  as  well  as  from  a  comparison  of 
their  structure,  it  is  clear  that  the  main  parts  of  the  glands  of  both 
regions  are  almost  precisely  similar  and  will  probably  have  a  similar 
function,  and  that  the  only  difference  of  importance  lies  in  the  fact 
of  the  superaddition  of  the  peptic  cells  in  the  glands  of  the  third 
region — probably  implying  the  superaddition  of  some  other  function 
in  these  glands.  Whether  this,  as  is  generally  believed,  is  the  elabo¬ 
ration  of  pepsin,  we  hope  that  before  long  the  results  of  some  com¬ 
parative  experiments  already  commenced  will  enable  us  to  form  a 
definite  opinion.  _ 

In  the  foregoing  account  we  have  been  induced  to  enter  into  what 
might  seem  almost  unnecessarily  minute  details  with  reference  to 
the  structure  of  the  gastric  mucous  membrane  in  these  particular 
animals,  because,  as  we  have  already  incidentally  mentioned,  they 
seemed  to  us  especially  well  adapted  for  investigation,  partly  on 
account  of  the  well-marked  differences  between  the  glands  of  dif¬ 
ferent  regions,  combined  at  the  same  time  as  they  are  with  many 
unmistakable  features  of  similarity,  partly  on  account  of  the  ease 
and  certainty  with  which  the  regions  can  be  mapped  out,  and  partly 
also  on  account  of  the  simplicity  of  form  of  the  glands,  which 
renders  them  easy  of  observation  throughout  their  whole  length. 

The  identity  between  the  glands  of  the  third  region  here  described 
and  the  well-known  peptic  glands  of  the  stomach  has  been  already 
incidentally  noticed,  and  is  sufficiently  obvious.  It  will  doubtless  also 
have  suggested  itself  to  most  of  our  readers  that  the  glands  here 
described  as  occupying  the  second  region  in  the  Kangaroo’s  stomach, 
and  consequently  by  far  the  larger  portion  of  the  glandular  mucous 
membrane,  resemble  in  most  points  of  structure  those  which  were 
until  the  last  few  years  known  as  the  mucous  glands  of  the  stomach  of 
Man  and  the  higher  Mammalia.  But  the  resemblance  is  more  obvious, 
both  as  regards  situation  and  structure,  in  the  part  of  the  second 
region  which  is  near  the  pylorus,  than  in  the  remainder.  In  the  latter 
the  epithelium  of  the  glands  presents  peculiarities  which  have  not 
hitherto,  it  is  believed,  been  noticed  in  the  gastric  glands  of  other 
animals.  These  peculiarities  are  not  improbably  connected  with  the 
nature  of  the  food  on  which  the  Kangaroo  subsists.  Further  inves¬ 
tigation  is  necessary  to  show  to  what  extent  they  are  found  in  other 
animals  in  which  the  food  is  similar. 

DESCRIPTION  OF  THE  PLATES. 

Plate  I. 

Fig.  1.  Vertical  section  of  the  mucous  membrane  of  the  stomach  of  Macropits 
giganteus ,  carried  across  the  line  of  junction  between  the  first  and 
second  regions.  Magnified  about  135  diameters.  A,  end  of  first  region 
or  region  of  stratified  epithelium ;  B ,  commencement  of  second  region  ; 
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X ,  junction  of  the  two  ;  S,  stratified  epithelium  ;  p,  p,  papillae  of  ce¬ 
rium  rising  up  into  this ;  c',  lowermost  columnar  cells  of  the  Mal¬ 
pighian  layer  of  the  stratified  epithelium  ;  h,  horny  layer  of  ditto ; 
ly,  lymphoid  corpuscles  between  the  cells  of  the  Malpighian  layer; 
gl,  tubular  glands  of  mucous  membrane  of  second  region ;  o ,  o,  their 
orifices ;  .  c,  columnar  epithelium  of  the  surface ;  i,  i,  interglandular 
tissue  with  numerous  lymphoid  cells;  m.m,  muscularis  mucosae;  v, 
blood-vessels  cut  across. 

Plate  II. 

Fig.  2.  Vertical  section  of  a  part  of  the  second  region  of  the  mucous  membrane, 
showing  three  of  the  tubular  glands,  of  Macropus  giganteus.  Magnified 
about  260  diameters,  n,  neck,  on,  middle  part,  b,  fundus,  o,  orifices  of 
the  glands ;  c,  columnar  epithelium  of  the  surface  continued  into  the 
mouths  of  the  glands;  m.m,  muscularis  mucosas;  v,  v,  blood-vessels 
cut  across. 

Fig.  3.  Vertical  section  of  part  of  a  lymphoid  patch,  from  the  stomach  of 
Macropus  giganteus,  showing  three  of  the  tubular  glands.  Magnified 
about  260  diameters,  o,  o,  orifices  of  the  glands ;  c,  columnar  epithe¬ 
lium  of  the  surface;  n,  neck,  on,  middle  part,  b,  base  or  fundus  of  the 
glands;  m.m,  muscularis  mucosse ;  s.m,  submucosa ;  l.t,  lymphoid  tissue. 

Fig.  4.  Section  of  a  nodule  or  follicle  from  lymphoid  patch  of  stomach  (Dor¬ 
copsis  hcctuosa).  Magnified  about  60  diameters.  F,  follicle;  d,  de¬ 
pression  or  pit  in  the  mucosa  over  the  follicle;  gl,  glands  of  the 
mucosa  with  lymphoid  tissue  between  them  and  at  their  base ;  m.m r 
muscularis  mucosas ;  s.m,  submucous  areolar  tissue  with  lymphoid  tissue 
near  muscularis  mucosae  ;  l.s,  lymphatic  sinus  at  base  of  follicle. 

Plate  III. 

Fig.  5.  Vertical  section  of  mucous  membrane  of  second  region  of  stomach  near 
the  pylorus  (Macropus  giganteus),  showing  six  of  the  tubular  glands. 
Magnified  about  135  diameters,  c,  columnar  epithelium  of  the  sur¬ 
face  ;  o,  o,  orifices  of  the  glands  ;  l,  l,  lymphatic  vessels  in  the  inter¬ 
glandular  tissue  of  the  mucous  membrane ;  on' ,  on',  bundles  of  plain 
muscular  tissue  passing  up  between  the  bases  of  the  glands  from  the 
muscularis  mucosae,  which  is  not  represented  in  this  figure. 

Fig.  6.  Vertical  section  of  the  third  or  peptic  region  of  stomach  (Dor copsis  luc- 
tuosa).  Magnified  about  60  diameters,  p,  part  of  the  glands  which 
contain  peptic  or  clelomorphous  cells ;  b,  bases  of  the  glands  destitute 
of  these ;  m.m,  muscularis  mucosse. 

Plate  IV. 

Fig.  7.  Middle  part  of  three  tubular  glands  from  vertical  section  of  peptic 
region  of  the  stomach  (Dorcopsis  luctuosa).  Magnified  about  260 
diameters,  p,  p,  peptic  cells ;  c,  c,  central  or  adelomorphous  cells. 

Fig.  8.  Horizontal  section  of  peptic  region  at  level  of  middle  of  the  glands 
(Dorcopsis  luctuosa).  Magnified  about  260  diameters,  p,  p,  peptic 
cells,  c,  c,  central  cells,  b.m,  basement  membrane  of  glands ;  v,  v,  capil¬ 
lary  blood-vessels  cut  across  in  the  interglandular  tissue. 

Fig.  9.  Base  or  fundus  of  one  of  the  peptic  glands,  seen  to  be  occupied  entirely 
by  the  angular  central  cells  ( Dorcopsis ).  Magnified  about  260  diame¬ 
ters. 

Fig.  10.  Section  across  the  line  of  demarkation  between  the  second  and  third 
regions  of  the  gastric  mucous  membrane  (Dorcopsis  luctuosa).  Mag¬ 
nified  about  60  diameters.  B,  mucous  membrane  of  the  second  region  ; 
G,  mucous  membrane  of  third  or  peptic  region ;  X  X ,  depression  at 
the  junction  between  the  second  and  third  regions;  p,  parts  of  the 
glands  of  the  third  region  which  contain  the  peptic  cells ;  m.m,  mus¬ 
cularis  mucosse. 

Figs.  1,  2,  3,  4,  and  5  are  from  preparations  wfiiich  had  been  coloured  with 

logwood-alum ;  figs.  6,  7.  8,  9,  and  10  from  sections  stained  with  aniline  blue. 

In  figs.  6  and  10  the  outlines  of  the  glands  are  only  roughly  indicated. 
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Description  of  a  Mammalian  Ovum  in  an  early  condition  of 
Development.  By  Edward  Albert  Schafer,  Assistant  Pro¬ 
fessor  of  Physiology  in  University  College,  London. 

[Plate  10.] 

The  opportunities  which  present  themselves  for  the  acquisition  of 
the  ova  of  Mammalia  during  the  early  stages  of  development,  and 
especially  ova  of  the  period  during  which  the  formation  of  the  blasto¬ 
dermic  layers  is  proceeding,  are  so  rare  that,  although  the  subject  has 
been  under  special  investigation  by  more  than  one  observer,  all  the 
stages  of  the  process  of  formation  have  by  no  means  as  yet  been 
described ;  and  much  remains  to  be  discovered  in  connexion  with  this 
phase  of  development  alone.  It  seems  on  this  account  desirable  to 
publish  observations  bearing  upon  this  question,  although  they  are 
limited  to  two  or  three  or  even  to  a  siugle  ovum,  since  it  is  by  collecting 
and  comparing  the  results  which  have  been  arrived  at  by  different  ob¬ 
servers  that  there  will  be  the  best  chance  of  coming  to  a  definite  conclu¬ 
sion  upon  a  subject  which  involves  the  knowledge  of  every  progressive 
stage. 

I  have  been  induced  by  these  considerations  to  furnish  a  short  de¬ 
scription  of  an  early  developing  ovum  (of  the  cat)  which  came  into  my 
hands  now  fully  two  years  ago,  but  which  I  had  continually  deferred  the 
account  of  in  the  hope  of  obtaining  specimens  a  little  more  in  advance 
with  which  to  compare  that  which  I  already  had.  This  expectation 
having,  however,  hitherto  been  disappointed,  I  think  it  better  to  com¬ 
municate  the  description  without  further  delay,  as  it  may  at  least  serve 
for  comparison  with  the  statements  of  other  observers. 

In  a  cat  which  had  been  just  killed,  I  noticed  on  opening  the  abdomen 
five  scarcely  perceptible  swellings  in  the  cornua  uteri ;  and  perceiving  a 
corresponding  number  of  corpora  lutea  upon  the  ovaries,  judged  that 
each  swelling  must  contain  an  ovum.  Removing  the  uterus  and  placing 
it  in  a  weak  solution  of  bichromate  of  potash,  I  proceeded  carefully  to 
slit  open  the  cornua  under  the  fluid  with  fine  scissors.  As  each  one  of 
the  above-mentioned  dilatations  was  reached,  a  minute,  beautifully  clear, 
vesicular  body  floated  out  into  the  surrounding  liquid ;  there  was  no  sign 
of  any  adhesion  to  the  uterine  wall. 

The  vesicles  were  as  nearly  as  possible  similar  in  size  and  appearance, 
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and  a  description  of  any  one  of  them  will  serve  for  all.  Their  shape  was 
oval,  the  long  diameter  measuring  about  -t  inch,  the  short  about  yh-  inch, 
and  the  outline  being  perfectly  smooth  and  even.  Under  a  low  power  of 
the  microscope  the  vesicle  was  distinctly  seen  to  be  bounded  by  a  primiti  ve 
chorion  or  thinned- out  zona  pellucida.  No  trace  of  villi  or  projections 
of  any  sort  could  be  detected  on,  its  surface.  Besides  this  envelope 
the  wall  of  the  vesicle  was  composed  of  what  appeared  a  simple  layer  of 
flattened  polygonal  cells,  closely  lining  the  zona.  But  under  a  somewhat 
higher  power  a  stratum  of  more  deeply  lying  cells  could,  in  some  parts 
at  least,  be  detected  by  focusing ;  moreover  a  shadow  at  one  place 
midway  between  the  poles  of  the  oval  appeared  to  point  to  the  possibility 
of  the  existence  of  a  slight  thickening  at  this  part,  although  a  well- 
defined  shaded  area  was,  in  no  sense  of  the  word,  visible. 

I  was  led  to  imagine  that  the  “  shaclowT  ”  in  question,  or  rather  the 
thickening  to  which  it  was  probably  due,  would  be  caused  by  the  first 
beginnings  of  a  mesoblast  at  this  situation.  But  nothing  more  could 
be  made  out  in  the  fresh  condition,  and  the  little  vesicles  (at  least  two  of 
them,  for  the  others  were  of  less  value  for  the  purpose  of  sections,  owing 
to  the  blastoderm  having  shrunk  away  at  various  places  from  the  zona, 
and  presenting  a  crumpled  distorted  aspect)  w7ere  accordingly  hardened 
in  the  usual  way  in  very  dilute  chromic  acid,  stained  with  logwood  and 
with  carmine  respectively,  imbedded  by  the  guru-process*,  with  the  object 
of  filling  the  cavity  and  thus  supporting  the  enclosing  parts  and  preserv¬ 
ing  them  in  their  natural  positions  ;  and  finally  sections  were  made  across 
the  long  axis  of  the  oval,  and  were  mounted  in  glycerine  and  examined. 

A  glance  at  the  sections  is  sufficient  to  show  that  the  blastodermic 
vesicle  is  in  the  bilaminar  condition.  There  exist  within  the  zona 
pellucida,  or  primitive  chorion,  two  distinct  layers,  the  section  of  each 
forming  a  complete  circle,  the  wrhole  structure,  therefore,  included  by  the 
zona  being  formed  of  two  separate  vesicles  one  within  the  other  (Plate 
10.  fig.  1).  The  outer  of  these  is  of  course  the  epiblast,  the  inner 
doubtless  representing  the  hypoblast :  we  may  speak,  then,  of  an  epiblastic 
and  a  hypoblastic  vesicle.  In  none  of  the  sections  was  there  any  trace 
of  an  intermediate  layer  of  cells  or  mesoblast.  The  epiblast  closely  lines 
the  zona  throughout ;  but  the  hypoblastic  vesicle  is  considerably  smaller, 
so  that  except  at  one  part,  where  it  comes  into  closer  proximity  than  else¬ 
where  with  the  epiblast,  it  is  separated  from  the  latter  by  a  considerable 
interval,  filled  in  the  fresh  condition  by  a  clear  fluid.  This  fluid  would 
seem  to  be  of  a  different  nature  from  that  which  occupied  the  cavity  of 
the  hypoblastic  vesicle,  for  the  coagulum  produced  in  it  by  the  action  of 
the  hardening  liquid  has  a  much  more  granular  appearance  in  the  sections. 
Both  epiblast  and  hypoblast  throughout  almost  the  whole  extent  are 

*  A  bad  method  for  embryos ;  but  I  was  at  the  time  ignorant  of  Kleinenberg’s  ex¬ 
cellent  plan  for  effecting  the  same  object.  See  Forster  and  Balfour,  ‘  Elements  of  Em¬ 
bryology,’  p.  249. 
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composed  of  a  simple  layer  of  flattened  cells  joined  edge  to  edge.  Those 
of  the  former  are  represented  in  fig.  2,  as  seen  flat  in  a  separated  portion, 
those  of  the  latter  in  fig.  3.  Most  of  the  epiblastic  cells  exhibit  in  a 
high  degree  a  condition  of  the  nucleus  which  is  frequently  met  with  in 
epithelial  cells  elsewhere — a  tendency,  namely,  to  become  separated  into  a 
clear  colourless  part,  and  a  highly  refracting  and  usually  somewhat  irre¬ 
gular  body,  which  readily  becomes  stained  by  the  usual  colouring  reagents. 
This  change  is  no  doubt  a  post  mortem  effect,  probably  produced  by  the 
action  of  the  reagents  employed.  The  hypoblastic  cells  do  not  for  the 
most  part  present  this  appearance ;  their  nucleus  remains  large,  round, 
and  clear ;  and  the  cell-substance  does  not  become  stained  as  much  as  that 
of  the  epiblastic  cells. 

It  was  mentioned  above  that  the  epiblastic  and  hypoblastic  vesicles 
come  into  closer  proximity  at  one  part  of  the  circumference  than 
elsewhere  ;  even  here,  however,  they  do  not  come  into  actual  contact. 
At  this  place  they  are  no  longer  formed,  as  elsewhere,  of  a  single  layer 
of  cells,  but  their  component  elements,  besides  being  rounder  in  shape 
and  smaller,  are  two  or  three  deep,  although  not  arranged  in  as  many 
definite  strata.  Both  layers  are  in  consequence  somewdiat  thickened 
just  here,  the  thickening  (which  is  most  marked  in  the  epiblastic  vesicle) 
extending  over  an  area  of  about  inch  in  diameter ;  not  sharply  defined, 
however,  but  gradually  shading  off  into  the  thin  part.  Both  epiblast  and 
hypoblast  are,  it  may  be  repeated,  perfectly  well  defined  and  distinct  from 
one  another  here  as  elsewhere;  and  there  are  no  cells  to  be  seen  which  do 
not  clearly  belong  to  one  or  the  other.  Moreover  they  are  not  only 
separated  by  a  small  but  obvious  amount  of  the  granular  material  (coagu¬ 
lated  fluid)  previously  mentioned,  but  there  is  in  addition  an  exquisitely 
fine  pellicle,  which  in  the  sections  appears  as  a  mere  line  passing  over 
and  forming  a  definite  boundary  to  the  upper  (outer)  surface  of  the 
hypoblast  at  the  thickened  area.  This  membranous  pellicle,  for  which  I 
would  venture  to  propose  the  name  of  membrana  limitans  hypoblastica ,  is, 
as  made  out  in  teased  preparations,  perfectly  homogeneous,  and  continues 
so  throughout  its  extent.  It  becomes  stained  slightly  by  carmine,  but 
apparently  not  at  all  by  logwood,  and  is  probably  to  be  looked  upon  as 
a  cuticular  formation  produced  by  the  hypoblastic  cells.  Whether  the 
delicate  pellicle  may  extend  around  the  whole  hypoblast  in  the  natural 
condition  I  am  unable  to  say ;  in  the  sections,  at  any  rate,  it  appears  to 
terminate  towards  the  periphery  of  the  thickened  area,  and  to  have  become 
curled  somewhat  away  from  the  hypoblast. 

I  am  not  aware  that  a  similar  structure  has  yet  been  noticed  in  the 
early  blastoderm  of  any  animal ;  but  its  importance  in  this  case  in  bounding 
the  hypoblast  is  evident.  Indeed,  if  it  should  be  found  that  the  mem¬ 
brane  in  question  is  of  general  occurrence  in  the  mammalian  germ,  and 
that  the  first  appearance  of  the  mesoblastic  cells  occurs  external  to  it, 
as  from  its  proximity  to  the  hypoblast  there  is  little  reason  to  doubt,  the 
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fact  of  the  existence  of  such  a  film  between  the  commencing  mesoblast 
and  hypoblast  is  strongly  in  favour  of  the  viewr  which  derives  the  former 
from  cells  of  the  epiblast  as  against  that  which  would  assign  to  it  a  hypo- 
blastic  origin. 

[Since  writing  the  above  I  have  been  enabled,  through  the  medium  of 
the  Eoyal  Society  Library,  to  see  a  recent  number  of  the  new  £  Zeit- 
schrif t  fiir  Anatomie  und  Entwickelungsgeschichte, ’which  contains  a  paper 
by  Hensen  on  the  early  stages  of  development  of  the  rabbit’s  ovum.  In 
sections  of  one  blastoderm,  of  which  he  gives  figures,  there  is  a  delicate 
line  at  the  anterior  part  of  the  germinal  area  lying  midway  between  the 
epiblast  and  hypoblast  and  marked  mpr.  This  is  referred  to  in  the 
Description  of  the  Plate  as  “  vielleicht  die  erste  Anlage  der  membrana 
prima.”  Unfortunately,  although  all  the  figures  appear  to  be  given,  the 
text  of  the  paper  is  incomplete  (the  completion  is  promised  in  the  next 
Number)  ;  and  the  full  description  of  this  blastoderm  and  the  account  of 
the  so-called  “  membrana  prima  ”  are  for  the  present  altogether  wanting. 

But  from  Hensen’s  figure  I  have  very  little  doubt  that  his  “  membrana 
prima  ”  is  a  structure  analogous  with  that  described  by  me  in  the  cat’s 
ovum  as  “  membrana  limitans  hypoblastica,”  although  the  position  and 
relations  of  the  membrane,  especially  with  regard  to  the  hypoblast,  appear 
somewhat  differently  in  our  respective  drawings.  I  think  the  name 
“  membrana  prima  ”  is,  however,  by  no  means  well  chosen  for  the  struc¬ 
ture  in  question ;  for,  leaving  out  of  consideration  the  primitive  chorion, 
do  not  the  early  embryonic  cells  (the  products  of  segmentation)  them¬ 
selves  compose  the  first  membrane  ?  as  the  very  name  which  has  been 
assigned  to  them  collectively  since  the  time  of  Pander  itself  directly 
implies.] 


DESCRIPTION  OF  PLATE  10. 

Fig.  1.  Diagram  of  a  vertical  section  across  the  middle  of  the  developing  ovum.  Mag¬ 
nified. 

z.p.  Section  of  the  zona  pellucida  or  primitive  chorion. 
e.v.  Vesicle  formed  by  the  epiblast. 

h.v.  Vesicle  formed  by  hypoblast  much  smaller  than  the  former. 
g.  Opposite  the  thickened  portion  of  both  layers  (germinal  area). 

Fig.  2.  Piece  of  the  epiblast ;  the  cells  and  nuclei  stained  with  carmine.  Magnified 
about  370  diameters. 

Fig.  3.  Piece  of  the  hypoblast ;  similarly  prepared.  Magnified  370  diameters. 

Fig.  4.  Section  across  the  germinal  area  of  the  developing  ovum,  stained  with  logwood. 
Magnified  200  diameters. 
z.p.  zona  pellucida. 
e.p.  epiblast. 
k.p.  hypoblast. 

m.l.  Membrana  limitans  hypoblastica.  » 
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On  the  Modification  of  the  Excitability  of  Motor  Nerves  produced 
by  Injury*.  By  G.  J.  Romanes,  M.A.,  F.L.S. 

§  1.  If  the  gastrocnemius  of  a  frog  be  placed  in  a  horizontal  direction 
on  non-polarizable  electrodes  with  its  convex  surface  uppermost,  one 
may  generally  observe  that  the  muscle  is  somewhat  more  sensitive  to 
minimal  stimulation,  supplied  by  closure  of  the  constant  current,  when 
the  femoral  end  rests  on  the  kathode,  than  when  this  end  rests  on  the 
anode.  Conversely,  under  similar  circumstances  the  gastrocnemius  is 
more  sensitive  to  minimal  stimulation,  supplied  by  opening  of  the  con¬ 
stant  current,  when  the  femoral  end  rests  on  the  anode,  than  when  this 
end  rests  on  the  kathode.  In  view  of  the  other  facts  of  electrotonus,  the 
present  ones  are  of  interest ;  because,  as  the  sciatic  nerve  enters  the  gas¬ 
trocnemius  near  the  femoral  end  of  the  latter,  and  then  spreads  out  its 
peripheral  ramifications  as  it  advances,  in  the  experiments  just  mentioned 
one  electrode  is  in  almost  immediate  contact  with  the  nerve-trunk  where 
it  enters  the  muscle,  while  the  other  electrode  supports  the  part  of  the 
muscle  that  contains  only  peripheral  nervous  elements.  It  is  therefore 
to  be  expected,  upon  the  theory  of  electrotonus,  that  the  muscle  under 
these  conditions  should  prove  itself  most  sensitive  to  the  closing  shock 
when  the  nerve-trunk  rests  on  the  kathode,  and  most  sensitive  to  the 
opening  shock  when  the  nerve-trunk  rests  on  the  anode. 

It  is  to  be  observed,  however,  that  although  this  expectation  is  in  most 
cases  fulfilled,  it  is  not  so  invariably.  Different  gastrocnemius  muscles, 
though  treated  as  far  as  possible  in  exactly  the  same  way,  manifest  con¬ 
siderable  differences,  both  in  their  general  sensitiveness  to  electrical  sti¬ 
mulation,  and  in  their  relative  sensitiveness  to  interruptions  of  the  ascend¬ 
ing  and  of  the  descending  currents.  Even  the  same  muscle,  if  rapidly 
prepared,  will  generally  be  found  to  undergo  fluctuations  in  these  respects 
from  minute  to  minute.  Attributing  this  fact  to  the  unnatural  conditions 
which  the  experiment  imposed  on  the  process  of  nutrition,  I  conducted 
some  observations  on  muscles  while  they  were  still  attached  to  the  body 
of  the  frog ;  but  the  results  yielded  by  this  method  were  not  more  uni¬ 
form  than  those  which  I  had  previously  obtained  by  the  method  of 
rapidly  preparing  and  observing  excised  muscles. 

§  2.  If  the  gastrocnemius  of  a  frog  be  placed  on  non-polarizable  elec¬ 
trodes  in  the  position  already  described  in  §  1,  and  if  care  has  been  taken 
not  to  injure  the  attached  sciatic  nerve,  I  find  that  upon  now  dividing 
this  nerve,  either  near  or  just  within  the  muscle,  remarkable  alterations 
ensue,  not  only,  as  is  already  known,  in  the  general  sensitiveness  of  the 
muscle,  but  also,  and  more  particularly,  in  its  relative  sensitiveness  to 

*  For  further  details,  remarks,  statements  of  methods,  &c.,  see  a  fuller  notice  in  the 
forthcoming  (July)  Number  of  the  ‘Journal  of  Anatomy  and  Physiology.’ 
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make  and  to  break  of  the  current.  The  following  are  the  mean  results 
yielded  by  a  large  number  of  experiments  : — 


Descending 

Ascending 

Descending 

Ascending 

make 

make 

•  break 

break 

before 

after 

before 

after 

before 

after 

before 

after 

cutting. 

cutting. 

cutting. 

cutting. 

cutting. 

cutting. 

cutting. 

cutting. 

24 

27 

36 

46 

2 

32 

1 

H 

In  this  Table  the  word  “  descending  ”  means  passage  of  the  current 
from  the  femoral  to  the  tarsal  end  of  the  gastrocnemius,  and  “ascending,” 
of  course,  passage  of  the  current  in  the  opposite  direction.  “  Cutting  ” 
means  section  of  the  sciatic  nerve  just  after  it  enters  the  muscle ;  and  the 
numbers  represent  the  relative  sensitiveness  of  the  muscle  to  the  stimuli 
which  are  indicated  above  them*.  I  have  appended  a  diagram  (p.  11), 

*  The  numbers  are  thus  obtained  — Suppose  A  to  be  the  battery,  B  a  set  of  resist¬ 
ance-coils,  C  a  rheochord,  D  a  commutator,  and  E  the  muscle.  By  removing  a  plug 


from  B  the  resistance  is  increased,  and  therefore  the  current  through  E  is  diminished. 
But  the  effect  of  removing  a  plug  from  C,  although  likewise  that  of  increasing  the 
resistance  through  the  whole  circuit,  is  to  augment  the  current  passing  through  E. 
For,  previous  to  removing  a  plug  from  C,  the  current  branched  at  x,  and  the  resistance 
in  E  being  high  as  compared  with  that  in  C,  the  principal  part  of  the  current  takes' the 
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which  is  intended  to  represent,  in  a  graphic  form,  the  numerical  re¬ 
lations  set  forth  in  the  above  Table.  In  each  couplet  contained  in  that 
diagram  the  left-hand  line  represents  the  sensitiveness  of  the  muscle 
to  the  stimulus  indicated  before  cutting,  while  the  right-hand  line  re¬ 
presents  the  sensitiveness  of  the  muscle  to  the  same  stimulus  after  cutting. 
As  in  the  Table,  so  in  the  diagram,  all  the  proportions  are  referred  to  the 
ascending  break  as  to  a  unit — this  being  the  stimulus  to  which  the 
muscle  is  least  sensitive,  and  for  which,  therefore,  the  strongest  current 
is  required  in  order  to  elicit  a  contraction. 


1.  2.  3.  4. 

Descending  Ascending  Descending  Ascending 

make.  make.  break.  break. 

course  x,  C,  A.  But  if  a  plug  be  removed  from  0,  the  resistance  in  C  is  increased, 
and  a  proportional  amount  of  the  current  takes  the  direction  x,  E,  A.  Hence  the 
effect  of  removing  a  plug  from  B  is  that  of  diminishing  the  current  in  E,  while  the  op¬ 
posite  effect  results  on  removing  a  plug  from  C. 

Such  . being  the  apparatus,  and  the  resistance  in  B  being  very  large  as  compared  with 
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With  regard  to  these  results,  I  may  offer  the  following  observations. 
In  the  first  place,  it  is  evident  that  the  increase  of  excitability  shown  by 
the  muscle  after  cutting  is  affected  to  an  extraordinary  extent  by  the 
direction  of  the  current ;  and,  further,  that  the  manner  in  which  it  is  so 
affected  is  very  instructive  when  considered  in  relation  to  the  known  facts 
of  electrotonus.  For  just  as  before  cutting  the  normal  sensitiveness  of  the 
muscle  is  greatest  to  the  closing  excitation  when  its  femoral  end  (or  nerve- 
trunk)  rests  on  the  kathode,  and  to  the  opening  excitation  when  this  end 
rests  on  the  anode,  so  after  the  general  sensitiveness  has  been  exalted 
by  cutting  the  exaltation  shows  itself  in  a  far  higher  degree  to  the  closing 
excitation  when  the  femoral  end  (or  severed  nerve-trunk)  rests  on  the 
kathode,  and  to  the  opening  excitation  when  this  end  rests  on  the  anode. 
Thus  it  is  that  the  curves  in  figs.  2  and  3  are  so  much  steeper  than  those  in 
figs.  1  and  4.  The  only  fact,  then,  that  does  not  seem  to  admit  of  any  very 
satisfactory  explanation  is  the  altogether  disproportionate  increase  of  ex¬ 
citability  which  the  muscle  after  cutting  exhibits  to  the  descending 
break  (fig.  3)  as  compared  with  the  ascending  make  (fig.  2).  This  fact, 
therefore,  led  to  the  following  experiments. 

§  3.  Dr.  Burdon  Sanderson  suggested  that  if  we  suppose  the  breaking 
excitation  to  be  of  a  more  instantaneous  nature  than  the  making  one,  the 
fact  in  question  might  admit  of  a  probable  explanation ;  for  in  this  case 
the  breaking  stimulus  would  bear  more  resemblance  to  an  induction- 
shock  than  would  the  making  stimulus;  and  as  it  is  well  known  how  sen¬ 
sitive  nerve  is  to  the  induction-shock,  we  might  reasonably  conclude  that, 
when  the  sensitiveness  of  the  nerve  is  increased  by  section,  it  would 
probably  become  more  than  proportionally  increased  to  the  more  sudden 
stimulus.  In  order  to  test  the  correctness  of  this  hypothesis,  Dr. 
kSanderson  further  suggested  that  the  period  of  the  muscle’s  latent  stimu¬ 
lation  before  and  after  cutting  should  be  taken,  and  also  that  the  follow¬ 
ing  experiment  should  be  tried.  By  means  of  an  appropriate  apparatus, 
the  uncut  muscle  was  to  have  supplied  to  it  a  galvanic  stimulus  of  mea¬ 
sured  duration  ;  and  this  duration  was  to  be  graduated  down  to  the  point  at 
which  the  break  succeeded  the  make  with  a  rapidity  just  sufficiently  great 
to  prevent  the  muscle  from  responding  to  either  stimulus.  The  strength 
of  the  current  remaining  unaltered,  the  nerve  was  then  to  be  cut  through 
at  the  usual  place ;  and,  lastly,  it  was  to  be  observed  whether  or  not  the 
muscle  was  thus  rendered  more  sensitive  to  stimuli  of  short  duration.  So 


the  variable  resistance  C,  and  remaining  unaltered  during  the  whole  of  an  experi¬ 
ment,  the  requisite  variations  in  the  intensity  of  the  stimuli  could  be  effected  by 
the  rheochord.  Now  the  numbers  in  the  above  Table  are  obtained  by  a  very  simple 
calculation.  Suppose,  for  instance,  that  the  minimal  ascending  break  contraction 
requires  18  ohms’  resistance  to  be  thrown  into  the  rheochord,  while  the  minimal 
ascending  make  only  requires  ’5  to  be  thrown  in,  then  the  relative  sensitiveness  of  the 
muscle  to  the  ascending  break  and  make  would  be  approximately  represented  by  the 
numbers  1  : 36. 
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far  as  this  part  of  the  inquiry  has  as  yet  proceeded,  the  results  are  as 
follow. 

Section  of  the  nerve  (either  just  above  the  knee  or  immediately  after 
it  enters  the  muscle)  is  in  all  eases  attended  with  a  marked  increase  of 
sensibility  to  stimuli  of  short  duration ;  i.  e.  stimuli  of  much  shorter 
duration  are  able  to  evoke  responsive  contractions  in  the  muscle  after 
cutting  than  are  required  to  do  so  before  cutting.  At  first,  therefore,  it 
seemed  that  this  experiment  was  confirmatory  of  the  hypothesis  which  it 
was  designed  to  test.  This,  however,  is  not  so ;  for  it  was  observed  that 
the  increased  sensitiveness  in  question  was  only  shown  when  the  femoral 
end  of  the  muscle  rested  on  the  kathode,  while  it  was  scarcely,  if  at  all, 
apparent  when  this  end  rested  on  the  anode.  This  fact,  of  course,  led  to 
the  inference  that  the  augmented  excitability  to  stimuli  of  short  duration 
had  reference,  not  to  the  opening,  but  to  the  closing  excitation.  Accord¬ 
ingly  I  fitted  up  an  appropriate  arrangement  of  wires  and  keys,  by  which  I 
could  at  pleasure  throw  in  ordinary  opening  and  closing  excitations,  or  the 
closing  and  opening  excitations  of  short  duration.  In  this  way  it  was  easy, 
by  comparing  in  the  two  cases  the  nature  of  the  contractions  (which  in 
almost  every  muscle  presents  some  idiosyncratic  differences  on  make  and 
break),  to  obtain  an  optical  proof  that  my  inference  was  correct.  The 
exalted  sensitiveness  of  the  muscle  after  section  of  its  nerve  to  stimuli  of 
short  duration  had  reference  exclusively  to  the  closing  excitation. 

This  fact  is  of  interest  in  itself,  but  it  fails  to  answer  the  question  as 
to  why  section  of  a  nerve  causes  so  disproportionate  an  effect  on  its  sen¬ 
sitiveness  in  the  muscle  to  the  excitation  which  is  supplied  by  the 
descending  break.  Nor  have  I  any  satisfactory  answer  to  give  to 
this  question,  unless  the  following  consideration  may  be  deemed  so. 
Before  section  of  the  sciatic  nerve,  the  gastrocnemius  muscle  is  im¬ 
mensely  more  sensitive  to  the  ascending  make  than  to  the  descending 
break  (figs.  2  and  3,  left-hand  lines).  Consequently,  when  the  general 
sensitiveness  of  the  nerve  is  increased  by  section,  the  increase  has  not 
so  much  room  (so  to  speak)  for  its  occurrence  in  the  one  case  as  in  the 
other.  Seeing  that  the  minimal  make  contraction  occurs  at  a  point  so 
much  nearer  to  zero  of  the  current’s  intensity  than  does  the  minimal 
break  contraction,  when  both  these  minimals  are  reduced  still  further  by 
nerve-section,  the  latter  minimal  has  a  much  wider  range  through  which 
it  is  free  to  fall  than  has  the  former.  Of  course  this  fact  need  not  pre¬ 
vent  the  lesser  fall  from  being  numerically  proportional  to  the  greater 
one,  however  small  the  observed  differences  may  be.  The  question,  how¬ 
ever,  is  as  to  how  far  a  strictly  numerical  proportion  is  in  this  case  a  fair 
one.  I  think  we  must  certainly  hold  that  the  value  as  a  stimulus  of  any 
given  increment  of  current  is  determined  by  the  proportion  which  such 
increment  bears  to  the  intensity  of  current  that  is  required  to  produce 
adequate  stimulation.  In  other  words,  any  given  unit  of  electrical  inten¬ 
sity  has  more  influence  as  an  excitant  if  added  to  a  current  of  a  small 
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number  of  units  (a  weak  current)  than  if  added  to  a  current  of  a  large 
number  of  units  (a  strong  current).  But  if  this  is  so,  it  follows  that 
subtraction  of  a  unit  from  a  strong  current  must  have  less  effect  than 
subtraction  of  the  same  unit  from  a  weak  current.  Now  when  the 
general  excitability  of  the  muscle  is  raised  by  cutting,  the  effect  is  that  the 
muscle  is  able,  both  in  the  case  of  the  ascending  make  and  in  that  of  de¬ 
scending  break,  to  afford  (as  it  wrere)  to  part  with  some  units  of  the  stimu¬ 
lating  influence  which  were  previously  required  to  cause  adequate  stimu¬ 
lation.  Hence,  forasmuch  as  the  sum  of  such  units  w7hich  it  had  to  spare 
before  cutting  w7as  so  much  less  in  the  case  of  the  make  than  in  that  of  the 
break,  in  the  case  of  the  make  each  unit  must  have  been  of  a  correspond¬ 
ingly  greater  value  as  a  stimulant.  Consequently,  w'hen  both  the  mini- 
mals  are  reduced  by  cutting,  the  reduction  may  take  place  in  a  strictly 
proportional  manner;  only,  if  the  proportion  has  reference  to  th e, value 
of  the  electrical  units  as  stimulants ,  it  follows,  from  what  has  been  said, 
that  there  will  probably  be  no  numerical  proportion  between  the  two 
ratios. 

In  favour  of  this  explanation,  it  is  to  be  remembered  that,  as  already 
stated,  nerve-section  produces  much  more  than  a  proportional  effect  in 
the  ascending  make  as  compared  with  the  descending  break,  in  respect  of 
increasing  the  excitability  of  the  muscle  to  stimuli  of  short  duration.  It  is 
as  though  the  comparatively  small  number  of  units  of  electriccd  intensity 
by  which  the  minimal  make  is  diminished  through  nerve-section  represents 
a  great  actual  increase  in  excitability,  when  this  is  estimated  by  some  other 
method ;  or,  to  turn  to  the  diagram,  it  seems  as  though  the  small  distance 
through  which  the  curve  in  fig.  2  passes  as  compared  with  the  curve  in 
fig.  3  really  represents  an  increase  of  excitability  much  more  important 
than  the  curve  expresses :  it  seems  as  though  it  is  just  because  the  dif¬ 
ficulty  of  ascending  (so  to  speak)  increases  in  so  rapid  a  ratio  as  its  curves 
approach  the  zero  level,  that  the  steep  curve  of  the  descending  break 
terminates  at,  or  belowq  the  point  where  the  much  less  steep  curve  of  the 
ascending  make  begins.  This  appears  to  be  so,  because,  on  testing  the 
increase  of  excitability  by  means  of  stimuli  of  short  duration,  it  is  found 
that  the  relatively  low  curve  in  fig.  2  represents  what  would  doubtless  be 
a  relatively  steep  curve,  if  it  were  possible  to  institute  the  numerical 
comparisons  in  the  case  of  stimuli  of  minimal  duration,  as  it  is  possible 
to  do  so  in  the  case  of  stimuli  of  minimal  intensity. 

These  remarks,  however,  are  only  made  by  way  of  suggestion ;  and  I 
confess  that,  a  priori ,  I  should  certainly  not  have  expected  so  great  a  dis¬ 
proportion  to  subsist  between  the  curves  in  figs.  2  and  3. 

§  4.  Sometimes  severe  section  of  a  tolerably  wrell-curarized  muscle 
will  be  followed  by  a  development  of  the  breaking  contraction  treated 
of  in  §  2.  I  attribute  this  fact  to  incomplete  poisoning  of  the  nerve- 
elements  in  the  muscle;  for  the  following  experiments  prove  conclusively 
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that  in  an  uncura<rized  muscle  the  development  of  the  breaking  contrac¬ 
tion  after  cutting  is  a  purely  nervous  effect. 

(а)  Section  of  the  sciatic  nerve  just  above  the  knee  causes  all  the 
characteristic  alterations  in  the  minimal  makes  and  breaks,  and  this  nearly 
as  well  as  does  section  of  the  nerve  in  the  muscle.  Moreover  the  higher 
up  the  nerve  is  cut,  the  less  is  the  degree  in  which  these  characteristic 
alterations  occur,  until,  if  the  section  be  made  at  about  the  origin  of  the 
femur  or  one  third  of  its  length  lower  down,  no  trace  of  these  alterations 
can  be  detected. 

(б)  Stimulating  the  sciatic  nerve  with  acids,  alkalies,  &c.,  and  warming 
it  has  the  same  sort  of  effects  as  cutting. 

(c)  Throwing  the  end  of  the  sciatic  nearest  the  gastrocnemius  into 
kathelectrotonus  has  a  well-marked  effect  of  the  same  kind  ;  while  throw¬ 
ing  the  same  part  into  anelectrotonus  has  the  opposite  effect,  though 
not  in  so  strongly  marked  a  degree. 

( d )  Severe  galvanic  tetanization  of  the  gastrocnemius  is  frequently 
followed  by  an  increase  of  sensitiveness  to  the  descending  break  nearly 
as  remarkable  as  that  which  follows  cutting.  As  this  effect  does  not  seem 
to  occur  in  well-curarized  muscles,  I  conclude  that  it  must  be  due  to  an 
increase  in  the  excitability  of  the  intramuscular  nervous  elements  through 
injury. 

§  5.  Another  method  which  I  employed  to  test  the  effects  of  nerve- 
section  on  excitability  was  one  which,  in  the  first  instance,  I  fell  upon 
accidentally.  It  consisted  in  joining  up  the  non-polarizable  electrodes 
with  a  continuous  bridge  of  clay  made  perfectly  fiat  on  its  upper  surface. 
Care  being  taken  to  keep  this  surface  uniformly  moist,  the  sciatic  nerve 
in  a  nerve-muscle  preparation  was  laid  upon  it ;  so  that  when  the  current 
passed  through  the  clay  bridge  a  portion  of  it  also  passed  through  the 
sciatic  nerve,  thereby  stimulating  the  attached  muscle.  The  advantage 
of  this  method  consists  in  the  facility  with  which  different  parts  of  the 
nerve-length  may  be  stimulated  to  the  exclusion  of  other  parts.  By  a 
curious  coincidence,  Prof.  Rutherford  appears  to  have  been  working  at 
this  subject  at  about  the  same  time  as  myself,  though  quite  independently 
of  me.  Jt  was  only  a  few  days  ago  that  I  became  aware  of  this  fact  by 
observing  an  article  in  this  month’s  Number  of  the  ‘  Journal  of  Anatomy 
and  Physiology/  in  which  Prof.  Rutherford  states  his  methods  and  results. 
As  nearly  all  the  latter  agree  in  every  particular  with  those  which  I 
obtained,  I  am  now  relieved  from  the  necessity  of  detailing  them.  It  is 
desirable,  however,  to  state  that,  viewed  in  the  light  of  my  other  experi¬ 
ments,  these  results  amount  to  this  : — When  a  few  millimetres  of  nerve- 
length,  including  the  extreme  nerve-section,  rested  on  the  clay,  a  much  less 
strength  of  current  was  required  to  produce  the  breaking  contraction  in 
the  muscle  than  when  any  other  portion  of  the  nerve  of  equal  length  was 
allowed  to  rest  on  the  clay.  That  is,  in  Prof.  Rutherford’s  words,  “  the 
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striking  fact,  however ,  is  that  without  altering  the  strength  of  the  current 
all  the  phenomena  of  Pfliiger’s  law  could  be  obtained  by  transmitting  it 
through  a  central,  middle,  or  peripheral  portion  of  nerve,  at  one  time  in 
an  ascending,  at  another  time  in  a  descending  direction.” 

It  may  be  worth  while  to  state,  as  showing  the  astonishing  excitability 
of  the  extreme  nerve-section,  that  if  the  nerve,  while  hanging  in  a  vertical 
direction  over  the  flat  surface  of  the  clay  bridge,  be  lowered  until  the  sec¬ 
tion  just  touches  the  flat  surface  of  the  clay,  it  may  frequently  be  ob¬ 
served  that  the  attached  muscle  responds  to  make  and  to  break  of  the 
current.  Yet  this  must  be  a  case  of  almost  complete  transverse  stimula¬ 
tion  of  nerve  ;  for,  thinking  that  there  might  possibly  be  some  passage  of 
the  current  from  the  clay  into  the  nerve  in  a  semilenticular  form,  I  tried 
a  number  of  times  the  effect  of  ligaturing  a  nerve  with  a  fine  human  hair, 
then  with  a  fine  pair  of  scissors  making  the  transverse  section  as  close 
beneath  the  ligature  as  possible,  and,  lastly,  lowering  the  nerve-section 
on  the  clay  as  before.  In  no  one  case,  however,  did  I  succeed  in  ob¬ 
taining  any  results  similar  to  those  which  I  obtained  with  unligatured 
nerves.  It  may  be  stated  that  in  all  these  experiments  with  the  clay 
bridge,  I  graduated  the  amount  of  nerve-length  to  be  laid  on  it  by  means 
of  a  horizontal  glass  rod  firmly  fixed  to  the  tube  of  a  microscope.  The  free 
end  of  the  rod  was  pointed,  and  usually  passed  between  the  tendo  Achillis 
and  the  tibia,  the  latter  having  been  previously  severed  at  the  knee. 
The  sciatic  nerve  was  thus  allowed  to  depend  in  a  vertical  direction,  and 
could  be  very  accurately  adjusted  upon  the  clay  bridge  by  means  of  the 
rack-work  which  moved  the  tube  of  the  microscope. 

§  6.  During  the  course  of  the  above  investigation  concerning  the 
effects  of  nerve-injury  on  excitability,  several  other  facts  of  interest  were 
incidentally  observed.  It  seems  desirable,  therefore,  to  add  a  brief 
account  of  these  facts. 

When  an  uncurarized  muscle  is  in  a  state  of  moderately  strong  tetanus 
from  the  passage  of  a  rather  weak  galvanic  current,  it  may  occasionally 
be  observed  that  some  part  or  parts  of  the  muscle  begin  to  pulsate  in  a 
strictly  rhythmical  manner — the  parts  concerned  alternating  their  periods 
of  tetanus  with  periods  of  repose,  sometimes  at  about  the  rate  which  is 
observable  in  a  frog’s  lymphatic  heart,  and  sometimes  faster.  I  have 
counted  such  pulsations  through  more  than  100  revolutions,  without  a 
single  intermission  and  in  perfectly  regular  time  throughout.  That  this 
interesting  phenomenon  is  exclusively  due  to  the  intramuscular  nervous 
element  is,  I  think,  proved  by  the  fact  that  I  have  never  seen  it  to  occur 
in  any  one  of  the  hundreds  of  curarized  muscles  which  I  have  this  year 
subjected  to  the  influence  of  the  constant  current.  Moreover,  on  one 
occasion  I  noticed  a  very  good  instance  of  rhythmical  pulsation  in  a 
partly  tetanized  gastrocnemius,  when  I  happened  to  have  the  attached 
sciatic  on  another  pair  of  electrodes.  Of  course  it  occurred  to  me  to  try 
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the  effects  of  throwing  the  nerve  near  the  muscle  first  into  anelectro- 
tonus  and  then  into  kathelectrotonns.  The  results  were  most  decided. 
With  a  current  of  properly  graduated  intensity  passing  through  the 
gastrocnemius,  it  was  always  quite  easy  to  inhibit  the  pulsating  effect  in 
the  muscle  by  throwing  the  attached  nerve  into  anelectrotonus,  while 
the  pulsations  were  always  seen  to  recommence  as  soon  as  the  polarizing 
current  in  the  nerve  was  broken.  Conversely,  if  the  nerve  was  thrown 
into  kathelectrotonus,  the  pulsating  effect  could  be  produced  in  the 
muscle  by  a  current  of  less  intensity  than  was  required  to  produce  this 
effect  when  the  nerve  was  either  in  anelectrotonus  or  in  the  normal 
state. 

§  7.  I  have  made  several  experiments  with  the  view  of  showing  the 
major  influence  of  the  kathode  on  closing,  and  of  the  anode  on  opening, 
in  the  case  of  well-curarized  muscle ;  but  on  the  present  occasion  it 
seems  unnecessary  to  describe  more  than  one. 

If  the  curarized  sartorius  of  a  frog  is  placed  on  non--polarizable  elec¬ 
trodes,  and  is  somewhat  stretched  in  a  longitudinal  direction  by  means 
of  two  weights  attached  to  its  two  ends,  it  may  almost  invariably  be 
observed  (especially  when  the  contractions  become  sluggish  by  exposure 
of  the  muscle)  that  upon  closure  of  the  circuit,  and  during  all  the 
time  of  its  passage,  the  substance  of  the  muscle  draws  towards  the 
kathode,  while  on  the  kathode  itself  the  substance  of  the  muscle  heaps 
up  and  spreads  out  in  a  very  beautiful  and  distinctive  manner.  On  now 
reversing  the  current,  all  the  phenomena  take  place  in  the  reverse  way. 
Hence,  by  placing  any  minute  body  anywhere  on  the  muscle  between  the 
poles,  this  body  may  be  seen  to  travel  some  distance  towards  the  kathode 
every  time  the  current  is  reversed.  Again,  if  a  small  transverse  incision 
be  made  in  the  muscle  anywhere  between  the  poles,  it  gapes  towards  the 
kathode  every  time  the  current  is  reversed.  Lastly,  if  two  appropriately 
weighted  levers  be  attached  one  to  each  end  of  the  muscle,  when  the 
current  is  passing  in  one  direction  the  lever  nearest  the  kathode  is 
raised  ;  whereas  when  the  current  is  reversed  this  lever,  which  is  now 
nearest  the  anode,  falls,  while  the  other  lever  rises. 

§  8.  If  the  copper  wire  terminals  of  a  Daniell’s  element  be  taken  one 
in  each  hand,  and  the  strength  of  the  current  be  graduated  down  to  the 
point  at  which  minimal  stimulation  is  obtained  by  placing  on  a  fresh 
muscle  first  the  anode  and  then  the  kathode,  it  may  invariably  be 
observed  that  if  this  order  is  reversed,  by  first  laying  on  the  kathode  and 
then  the  anode,  no  contraction  will  be  given  unless  the  strength  of  the 
current  is  somewhat  increased.  This  curious  fact  may  be  observed 
equally  well  on  curarized  and  on  uncurarized  muscles.  It  is  independent 
of  the  direction  of  the  current,  and  is  not  affected  either  by  insulation  of 
the  muscle  or  by  placing  it  on  a  gas-pipe.  The  phenomenon  is  likewise 
unaffected  by  placing  the  anode  or  the  kathode  in  an  unclosed  circuit  of 
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a  Grove’s  cell  upon  tlie  muscle,  and  then  experimented  with  the  weakened 
circuit  from  the  DanielTs  cell  as  before.  It  may  be  observed  that  the 
long  muscles  of  the  thigh,  either  in  situ  or  excised,  are  best  adapted  for 
making  these  experiments  *. 

*  Until  a  short  time  ago  I  was  not  aware  that  any  difference  had  as  yet  been  detected 
between  the  effects  of  anodic  and  of  kathodic  closure.  My  attention,  however,  has  now 
been  directed  to  the  observations  of  Hitzig,  in  which  he  finds  that  on  minimal  stimula¬ 
tion  of  the  brain  anodic  closure  is  more  effective  than  kathodic.  "This,  of  course,  is 
precisely  the  reverse  of  what  I  find  to  be  true  of  muscle ;  and  as  the  fact  of  such  a 
difference  existing  between  the  two  cases  is  very  remarkable,  I  may  observe  that  it 
appears  to  confirm  Hitzig’s  views  concerning  the  reversed  relations  that  subsist  between 
central  and  peripheral  galvanic  stimulation. 

I  may  also  observe  that  I  have  repeatedly  tried  whether  there  is  any  difference  to 
be  detected  between  anodic  and  kathodic  closure  in  the  case  of  motor  nerves,  but 
hitherto  without  success.  Yet,  as  it  seemed  to  me  very  improbable  that  there  should 
be  any  difference  between  nerve  and  muscle  in  this  respect,  I  had  intended  to  investi¬ 
gate  the  matter  still  further  before  publishing  any  thing  with  regard  to  nerve.  I  now 
find,  however,  that  Hitzig’s  results  with  regard  to  brain  had  induced  Engesser  (Pfliig. 
Arch.  x.  p.  157  &c.)  carefully  to  investigate  the  question  with  regard  to  motor  nerves; 
and  the  conclusion  he  arrives  at  is  that  no  difference  can  in  their  case  be  detected 
between  the  effects  of  anodic  and  of  kathodic  closure.  Therefore,  as  this  result  agrees 
with  my  own,  it  seems  desirable  that  I  should  here  acknowledge  the  agreement.  No 
one,  so  far  as  I  can  ascertain,  has  as  yet  published  any  thing  in  this  connexion  with 
regard  to  muscle. — GL  J.  R.,  May  5th,  1876. 
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[With  one  Plate.] 

The  connective  tissue  of  the  tongue  of  Batrachians  was  first  studied, 
with  reference  to  the  changes  which  it  undergoes  in  inflammation,  by 
Prof.  Cohnheim  in  1869*.  The  animal  employed  by  him  was  the  ordi¬ 
nary  edible  frog  ( Rcina  esculentci ).  His  mode  of  preparation  was  as 
follows : — A  plate  of  glass  about  3"  by  5"  was  first  prepared,  having  a 
smaller  oblong  plate,  measuring  1"  by  0"*7,  cemented  to  it  with  Canada 
balsam  at  one  end.  This  was  surrounded  by  a  cork  ring  border  of  the 
same  thickness.  On  this  plate  the  body  of  the  frog  (previously  cura- 
rized)  was  placed,  resting  on  its  back,  in  such  a  position  that  the 
tongue  could  be  readily  extended  over  the  oblong  plate  with  the  aid  of 

*  Cohnheim,  “  Ueber  das  Verbalten  der  fixen  Bindegewebskorperchen  bei  der  Ent- 
ziindung,”  Virchow’s  ‘  Archiv,’  vol.  xlv.  p.  333. 
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pins  stuck  into  the  cork  ring.  As  thus  displayed,  the  smooth  surface  of  the 
organ  of  course  rested  on  the  glass,  the  papillary  surface  looking  upwards. 

To  expose  the  submucous  tissue,  Cohnheim  found  it  necessary  to  divide 
the  mucous  membrane  to  the  extent  of  an  eighth  of  an  inch ;  by  doing  so 
he  was  able  to  obtain  a  sufficient  surface  for  microscopical  examination, 
in  which,  if  care  was  taken  to  keep  it  constantly  moist  with  serum  and  to 
avoid  undue  stretching,  the  circulation  could  be  observed  for  many  hours. 
Although,  as  compared  with  the  one  to  be  immediately  described,  the 
method  was  imperfect,  it  was  much  superior  to  any  which  had  been  em¬ 
ployed  before  for  the  study  of  the  textural  changes  which  are  associated 
with  the  process  of  inflammation. 

In  the  stratum  of  tissue  thus  exposed,  the  objects  which  first  attract 
attention  are,  it  need  scarcely  be  said,  the  arteries,  veins,  and  capillaries, 
and  the  rapidly  circulating  blood.  In  addition  to  these,  various  fibrous 
structures  present  themselves,  namely  striped  muscular  fibres,  single  or 
in  groups,  some  entire,  others  broken;  nerves,  each  consisting  of  a 
variable  number  of  dark-bordered  nerve-fibres,  bundles  of  white  fibrous 
tissue,  and  very  numerous  single  fibrils.  In  the  spaces  between  these 
structures  a  number  of  bodies  are  seen  scattered  without  apparent  regu¬ 
larity  in  the  fine  transparent  membrane  of  areolar  tissue.  With  reference 
to  these  bodies,  which  were  first  described  by  Cohnheim,  and  constituted 
the  principal  subject  of  the  paper  now  referred  to,  he  remarks  that  although 
they  differ  considerably  in  form  and  appearance  from  the  fixed  elements 
of  areolar  tissue  elsewhere,  they  can  only  be  regarded  as  “  connective- 
tissue  corpuscles.” 

Cohnheim  found  that  when  this  tissue,  immediately  after  having  been 
exposed  in  the  manner  above  described,  was  observed  continuously  for 
many  hours  under  the  microscope,  the  circulation  became  much  accele¬ 
rated,  and  the  vessels  (veins  and  arteries)  became  dilated.  Soon  the 
dilatation  of  the  arteries  diminished,  while  the  motion  of  the  blood  became 
slower,  especially  in  the  -veins  of  which  the  diameter  was  still  larger  than 
in  the  natural  state.  In  a  short  time  the  colourless  corpuscles  began  to 
hug  the  walls  of  the  veins,  and  soon  after  emigration  set  in  with  great 
vigour.  As  this  went  on,  it  was  seen  that  in  numerous  capillaries  stasis 
was  either  commencing  or  complete,  a  state  of  things  which  rapidly  led 
to  diapedesis,  affecting  both  capillaries  and  veins. 

These  facts  having  been  ascertained,  and  being  moreover  in  complete 
accordance  with  what  Cohnheim  had  himself  described  in  inflamed  parts 
elsewhere,  it  remained  to  inquire  what  part  the  fixed  elements  played  in 
the  active  changes  going  on  around  them.  For  our  present  purpose 
it  is  sufficient  to  state  that  Cohnheim  concluded  that  they  took  no  part 
whatever  in  those  changes  ;  and  he  used  this  fact  in  support  of  his  general 
position,  that  fixed  elements  of  tissues  do  not  participate  in  any  inflam¬ 
matory  processes  of  which  those  tissues  may  be  the  seat. 

But  since  1868,  as  is  well  known,  Cohnheim’ s  conclusions  on  this  sub- 
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ject  have  been  warmly  disputed.  On  the  one  hand  the  pathological  his¬ 
tologists  of  the  Vienna  School  have  maintained,  on  the  basis  of  much 
laborious  work  done  by  Prof.  Strieker  and  his  pupils,  the  previously 
received  belief  as  to  the  textural  origin  of  those  young  cells  the  presence 
of  which  is  the  most  essential  characteristic  of  inflammation.  On  the 
other  hand  Cohnheim,  supported  by  Axel  Key  and  many  others,  has 
strengthened  his  view  of  the  case  by  extending  the  research  in  new 
directions. 

As  regards  the  tongue  of  the  frog,  Prof.  Strieker  has  published  obser¬ 
vations  in  which,  following  Cohnheim’s  own  method,  he  arrived  at  oppo¬ 
site  conclusions. 

I  have  thought  it  desirable  to  publish  the  observations  here  recorded, 
because  the  methods  now  adopted  appear  preferable  to  any  previously 
employed,  the  tongue  of  the  toad  being  much  better  adapted  for  the  study 
of  the  tissues  than  that  of  the  frog. 

The  organ,  when  protruded,  extends  nearly  an  inch  out  of  the  mouth ; 
and  in  this  state  exhibits  near  the  mouth  the  form  of  a  flattened  cylinder, 
of  which  the  cross  section  is  oval.  Towards  its  extremity  it  becomes 
flattened,  and  exhibits  a  tendency  to  bifurcation,  ending  in  two  short 
tips,  often  called  cornua.  Of  its  two  principal  surfaces,  of  which  one  is 
beset  with  papillae,  the  other  smooth,  the  former  (supposing  the  animal 
to  be  in  the  natural  position)  is  undermost.  But  when  the  organ  is  re¬ 
tracted,  and  occupies  its  usual  position  in  the  mouth,  it  is  bent  back 
in  such  a  way  that  the  papillated  surface  looks  towards  the  palate. 

The  arrangement  and  anatomical  relations  of  the  structures  which  con¬ 
stitute  the  substance  of  the  tongue  may  be  most  readily  understood  by 
the  examination  of  transverse  sections.  In  any  vertical  section  of  a  pro¬ 
perly  hardened  tongue  across  the  thicker  part  of  the  organ  it  is  seen  that 
immediately  underneath  the  mucous  membrane  of  the  smooth  surface 
there  is  a  large  cavity,  which,  from  its  lining  of  flat  cells,  the  ana¬ 
tomist  at  once  recognizes  as  a  lymph-sac.  The  floor  of  this  lymph- 
sac  is  formed  towards  the  middle  line  by  a  mass  of  muscular  fibres,  of 
which  the  direction  is  longitudinal,  and  from  which  the  liquid  contents 
are  only  separated  by  the  cellular  lining.  The  under  surface  of  the 
muscular  mass  is  also  covered  by  cells  which  form  the  lining  of  a  second 
lymphatic  cavity,  which  is  in  a  similar  relation  to  the  papillated  mucous 
membrane  to  that  in  which  the  principal  lymph-sac  stands  to  the  mucous 
membrane  of  the  smooth  surface.  There  is,  however,  between  the  lymphatic 
cavity  and  the  mucous  tissue  a  superficial  stratum  of  muscular  fibres. 
In  fresh  preparations  it  can  be  easily  made  out  that  the  deeper  muscular 
fibres,  which  are  nearest  the  attachment  of  the  tongue,  form  a  single 
bundle  on  either  side  of  the  middle  line,  spread  out  towards  the  double 
tip  in  finger-like  processes  having  spaces  between  them.  Through  these 
spaces  the  two  lymphatic  sacs  freely  communicate,  so  that  when  liquid  is 
injected  into  either  sac,  the  other  also  becomes  distended. 
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In  my  method  of  observation  I  followed  in  the  main  that  employed  by 
Prof.  Cohnheim.  That  method  was,  however,  modified  in  the  following 
particulars  : — 1.  The  toad  being  preferred  to  the  frog  on  the  grounds 
already  stated,  I  found  it  necessary  to  employ  very  much  larger  quan¬ 
tities  of  curare.  The  dose  used  by  Cohnheim  did  not  exceed  0*001 
grain,  a  quantity  which  is  well  known  to  be  sufficient  for  the  frog.  But 
in  the  toad  I  fonnd  that  0*004  grain  was  required,  and  that  it  was 
necessary  to  repeat  the  injection  every  36  or  48  hours  during  the  course 
of  each  observation.  2.  The  support  on  which  the  body  of  the  animal 


Outline  sketch  of  the  cork  support  used  in  all  the  experiments  (actual  size).  The 
dotted  lines  represent  the  outline  of  the  tongue  and  head. 

rested  was  not  of  glass,  but  of  cork.  On  either  side  of  it  is  a  block 
of  cork,  wliich  answers  the  purpose  of  Cohnheim’s  cork  border.  The 
small  oblong  plate  of  glass  used  by  him  is  dispensed  with.  3.  In  order 
to  prepare  the  tongue  for  observation,  it  is  necessary  first  to  distend 
the  lymph-sac  by  injecting  into  it  J-per-cent.  solution  of  common 
salt  with  the  aid  of  a  hypodermic  syringe,  and  secondly  to  divide  the 
mucous  membrane  which  constitutes  its  roof  with  fine  scissors.  This 
having  been  accomplished,  the  cut  edges  are  drawn  aside  so  as  to  expose 
the  surface  of  the  septum  of  muscular  fibres  which  divides  the  lymph- 
sac  into  two  parts.  A  well-lighted  field  is  thus  obtained,  in  which  the 
most  delicate  details  of  structure  can  be  satisfactorily  observed,  even 
under  high  powers. 

The  injury  thus  inflicted  on  the  organ  is  so  trifling  that,  provided  that 
care  has  been  taken  to  guard  against  the  production  of  haemorrhage,  there 
is  at  first  no  evidence  of  any  pathological  disturbance.  Soon,  however, 
the  changes  (of  which  an  account  has  been  already  given)  begin  to  present 
themselves,  the  several  phenomena  following  each  other  in  the  order  in 
which  they  were  originally  described  by  Prof.  Cohnheim.  I  would  only 
remark  that  the  vascular  changes  can  be  studied  very  advantageously, 
and  in  particular  that  the  process  of  emigration  displays  itself  before  the 
observer  with  wonderful  beauty  and  distinctness. 

As  in  my  observations  I  confined  myself  entirely  to  the  behaviour  of 
the  fixed  elements  of  the  tissue,  I  shall  say  nothing  more  of  the  vascular 
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changes,  the  interest  of  which  to  me  consisted  principally  in  that  their 
presence  afforded  the  evidence  that  the  part  observed  was  in  a  state  of 
active  inflammation.  The  question  I  had  to  answer  was,  whether  or  not 
this  state,  even  when  prolonged,  is  attended  with  any  change  whatever 
in  the  anatomical  characteristics  of  the  preexisting  elements. 

For  this  purpose  more  than  a  dozen  series  of  observations  were  made 
on  as  many  different  animals,  each  series  being  continued  for  several  days. 
At  the  beginning  of  each  series  a  group  of  connective-tissue  corpuscles, 
such  as  the  one  represented  in  the  Plate,  figs.  3  and  4,  was  selected  and 
(with  the  vessels  and  other  structures  in  relation  with  it)  accurately  drawn 
with  the  aid  of  the  camera  lucida.  The  preparation  was  then  removed  from 
the  microscope  and  placed  in  a  vessel  in  which  the  air  was  kept  saturated 
with  aqueous  vapour.  The  next  day,  after  removing  the  layer  of  exuded 
colourless  corpuscles  (pus)  which  covered  the  exposed  surface  of  the 
lymph-sac,  by  directing  upon  it  a  gentle  stream  of  salt  solution,  the  outlines 
of  the  group  of  connective  tissue  were  again  traced  with  the  aid  of  the 
camera. 

In  this  way  several  daily  observations  were  taken  in  respect  of  each 
animal.  It  usually  happened  that  on  the  fourth  or  fifth  day  the  circu¬ 
lation  became  impaired  or  ceased ;  but  in  one  instance  it  continued  in 
vigour  as  long  as  nine  days,  during  the  whole  of  which  period  the  same 
group  of  corpuscles  was  kept  from  time  to  time  under  observation. 

The  result  may  be  stated  in  a  single  line.  So  long  as  the  circulation 
continued,  “  no  change  whatever  took  place  in  the  connective-tissue 
corpuscles,  either  as  regards  form  or  appearance,”  notwithstanding  that 
the  tissue  of  which  they  formed  part  was  beset  with  innumerable  emi¬ 
grant  colourless  corpuscles,  i.  e.  (to  use  ordinary  language)  was  infil¬ 
trated  with  pus. 

In  order  that  the  reader  may  be  put  in  possession  of  certain  facts 
which  have  not  been  sufficiently  noticed  in  the  summary  I  have  now 
given  of  the  results  of  my  investigation,  I  will  add  a  few  short  notes 
relating  to  particular  experiments. 

The  first  two  experiments  differed  from  the  others  in  this  respect,  that 
immediately  after  beginning  my  observations  I  touched  the  observed  part 
with  a  drop  of  water  acidulated  with  hydrochloric  acid  (1  part  of  strong 
acid  to  100  of  water).  The  vascular  changes  of  the  early  stage  exhibited 
themselves  in  intensity,  and  resulted  in  a  very  abundant  emigration  of 
leucocytes  ;  but  as  the  observation  was  only  continued  for  two  days,  the 
results  were  of  less  value  as  regards  the  special  question  under  investiga¬ 
tion.  The  fixed  corpuscles  were  remarkably  distinct,  and  these  under¬ 
went  no  alteration. 

In  the  fifth  experiment  (see  description  of  fig.  3)  the  observation  was 
continued  for  5  days,  at  the  end  of  which  period  the  animal  was  killed. 
At  that  time  the  connective-tissue  corpuscles,  which  were  distinct  and 
presented  very  remarkable  contours,  remained  entirely  unchanged. 
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In  experiment  6  (see  fig.  4)  the  observations  were  continued  successfully 
for  seven  days,  during  the  whole  of  which  period  the  circulation  was 
vigorous,  although  active  emigration  took  place.  Neither  in  this  nor  in 
any  of  the  other  cases  was  any  extravasation  of  coloured  blood-corpuscles, 
either  from  veins  or  capillaries,  distinctly  viewed.  In  this  respect  there 
may  be  a  difference  between  the  frog  and  toad. 

In  experiment  8  no  exudation  took  place  during  the  first  day,  the  circu¬ 
lation  going  on  apparently  normally.  Subsequently  leucocytes  began  to 
escape,  and  exhibited  their  usual  character  and  behaviour.  The  observa¬ 
tion  was  continued  for  three  days,  but  no  change  occurred  in  the  fixed 
corpuscles. 

In  experiment  11  the  observation  was  as  successful  as  in  experiment 
6.  The  circulation  was  vigorous  until  the  sixth  day ;  emigration  was 
abundant,  and  began  immediately  after  the  commencement  of  the  obser¬ 
vation.  In  the  course  of  the  sixth  day  it  became  feeble,  and  it  was 
then  observed  that  the  connective-tissue  corpuscles,  although  retaining 
their  form,  lost  their  transparency  and  became  granular. 

EXPLANATION  OF  THE  PLATE. 

Fig.  2.  Diagram  of  vertical  section  of  tongue,  distended.  A,  papillated  surface  ;  B,  sub¬ 
mucous  muscular  layer ;  C,  smooth  under  surface  of  mucous  membrane, 
forming  wall  of  the  larger  lymph-sac,  D ;  Gr,  principal  venous  trunks ;  H, 
principal  arterial  trunks,  which  are  accompanied  by  nerves  not  shown ;  F,  F, 
muscular  bundles  ;  E,  fine  transparent  membrane  of  connective  tissue  lining 
the  ly mnh -sacs,  and  forming  a  continuous  sheath  to  the  bundles  of  muscular 
fibre.  In  this  membrane  are  the  fixed  corpuscles,  the  subjects  of  observation. 
Fig  3.  Field  of  view  in  Experiment  5  at  the  commencement  of  the  observation. 

Emigration  has  not  commenced,  but  in  the  vein  A  the  colourless  corpuscles 
(F,  F)  begin  to  tend  towards  the  internal  surface  of  the  wall.  Through  the 
capillary  B  a  few  coloured  corpuscles  are  passing.  0,  C  are  the  fixed  corpuscles 
of  the  tissue.  The  fine  lines  are  single  fibres  of  connective-tissue.  E,  E  are 
the  red  blood -corpuscles. 

In  this  experiment,  in  which,  as  already  stated,  the  observations  were  con¬ 
tinued  for  five  days  (from  Oct.  23  to  Oct.  29),  I  was  able  to  bring  the  same 
field  into  view  from  time  to  time  during  the  whole  period.  The  vein  marked 
D  was  at  the  beginning  of  the  observation  obliterated,  having  been  injured  in 
preparation.  Towards  the  third  day  blood  began  to  pass  through  it,  and 
soon  the  circulation  in  it  was  completely  reestablished.  In  this  case  the 
connective-tissue  corpuscles  represented  (C  C  C  C)  were  watched  with  the  most 
minute  attention.  Notwithstanding  that  the  emigration  was  most  abundant, 
so  that  before  each  observation  it  was  necessary  to  cleanse  the  surface  of  the 
lymph-sac  by  irrigation,  as  above  described,  there  was  no  alteration  of  form 
whatever,  either  in  the  corpuscles  themselves  or  in  their  nuclei,  nor  did  they 
exhibit  the  slightest  tendency  to  divide. 

Fig.  4  represents  the  appearances  exhibited  by  a  vein  and  the  neighbouring  textural 
elements,  at  a  later  stage.  In  the  vein  V,  notwithstanding  that  the  circulation  is 
still  vigorous,  an  abundant  emigration  is  in  progress.  Some  colourless  cor¬ 
puscles  adhere  to  the  walls,  others  have  already  escaped  and  are  crossing  the 
field,  mostly  clinging  to  the  fibrils  of  connective  tissue,  and  exhibit  various 
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and  active  amoeboid  movements.  C,  C  are  connective-tissue  corpuscles,  of 
which  one  is  of  such  remarkable  form  and  appearance  that  the  least  change  in 
it  could  be  very  readily  observed.  It  contains  a  conspicuous  vacuole,  and 
sends  its  processes  along  the  fibrils  of  elastic  tissue,  as  formerly  described.  N 
is  a  small  nerve-trunk.  M,  striated  muscular  fibres.  L,  L  are  leucocytes — 
migratory  colourless  blood-corpuscles. 

This  specimen  was  kept  under  observation  for  eight  days,  during  the  whole  of 
which  emigration  continued.  It  remained  absolutely  unchanged,  with  the 
exception  that  the  vacuole  of  the  corpuscle  above  described  varied  somewhat 
in  size.  Thus  on  the  fifth  day  it  became  somewhat  more  distinct  than  it  had 
been  before.  About  the  same  time  highly  refractive  granules  and  bodies 
resembling  Bacteria  appeared,  and  the  leucocytes  present  seemed  also  to  contain 
granules.  On  the  seventh  day  it  was  observed  that  the  circulation  was  growing 
feeble,  and  the  tissues  were  losing  their  transparency,  a  change  in  which  the 
fixed  corpuscles  obviously  participated.  On  the-  morning  of  the  eighth  day  it 
was  found  that  circulation  had  ceased. 
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Part  I. — Mechanical  Effects. 

The  mechanism  by  which  the  leaf  of  Dioncea  closes  after  mechanical 
excitation  has  been  already  studied  by  Mr.  Darwin  and  many  other 
naturalists.  It  was,  however,  necessary,  in  order  to  connect  the  electrical 
phenomena  which  form  the  principal  subject  of  this  paper  with  this 
mechanism,  to  study  the  successive  changes  of  form  which  the  leaf  under¬ 
goes  in  the  act  of  closing.  The  investigations  we  have  made  relating  to 
this  subject  have  brought  to  our  knowledge  facts  which  have  an  im¬ 
portant  bearing  on  the  general  question  of  the  nature  of  the  excito- 
contractile  process  in  plants  and  animals. 

The  smooth  green  outer  surface  of  a  leaf  of  Dionaza  in  full  vigour  is 
concave,  and  the  marginal  hairs  are  thrown  back  so  that  they  are 
nearly  in  the  same  plane  with  the  lobe  from  the  edge  of  which  they 
spring.  If  one  of  the  sensitive  hairs  of  a  leaf  in  this  condition  is  care¬ 
lessly  touched  the  leaf  usually  closes.  If,  however,  a  hair  is  touched 
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very  cautiously,  with  the  aid  of  a  camel-hair  pencil,  it  can  be  pre¬ 
dicted  with  certainty  that  no  visible  effect  will  be  produced ;  and  a 
similar  gentle  contact  may  be  repeated  several  times  before  the  leaf 
begins  to  answer  to  the  irritation  bv  any  movement.  Sooner  or  later, 
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however,  the  marginal  hairs  baud  inwards,  and  it:  the  leaf  is  carefully 
watched  it  may  be  observed  that  each  touch  is  followed  by  a  slight  approach 
of  the  lobes  to  each  other.  If  the  observation  is  continued,  it  is  seen 
that  each  approach  exceeds  its  predecessor  in  extent,  until  at  last  the 
lobes  suddenly  come  together  in  the  manner  which  is,  by  this  time, 
familiar  to  every  one.  ,  - 

It  being  our  primary  purpose  to  determine  the  time  which  elapses 
between  each  several  touch  and  the  immediately  resulting  jerk-like 
approach,  and  to  measure  the  extent  of  such  approach,  so  as  to  learn  how 
much  it  contributes  to  the  final  result,  we  made  it  our  first  business  to 
devise  some  method  of  measurement  by  which  we  could  verify  the  con¬ 
clusions  to  which  we  had  come  from  rough  observation,  namely,  that  each 
several  excitation  of  the  leaf  is  attended  bv  some  mechanical  effect. 
With  this  view,  we  constructed  an  instrument  of  the  form  shown  in 
figs.  1  &  la.  It  consists  of  a  hinged  screw-clamp  by  which  the  leaf  is 
held,  as  between  the  thumb  and  fore  finger.  On  the  lower  jaw  of  the  clamp, 
the  one  corresponding  to  the  thumb,  which  is  made  of  glass,  the  midrib 
of  the  leaf  rests  by  its  under  surface.  The  upper  jaw  consists  of  an  arch 
of  copper  wire,  of  which  the  curvature  corresponds  to  that  of  the  margins 
of  a  lobe  of  the  leaf.  The  two  jaws  meet  each  other  in  such  a  way  that 
when  they  are  brought  together  by  the  screw  the  two  ends  of  the  arch 
are  in  apposition  with  the  ends  of  the  midrib  close  to  its  upper  surface. 
Each  end  is  pierced  by  a  pin  :  the  points  of  these  pins  are  directed 
towards  each  other,  so  that  together  they  serve  as  an  axis  of  rotation  for 
a  second  similar  arch  of  which  the  curvature  is  made  a  little  larger 
than  the  other,  so  that  it  may  comprise  it.  From  the  middle  of  the  second 
arch  a  wire  springs  at  right  angles,  to  which  a  light  glass  lever  is 
attached.  By  means  of  this  lever  it  can  be  rotated  outwards  on  its  axis, 
a  id  thus  made  to  diverge  from  its  fellow  at  any  desired  angle. 


Clamp  ordinarily  used  for  holding  a  leaf  during  prolonged  electrical  exploration. 


The  instrument  is  used  as  follows  : — -A  leaf  having  been  placed  in 
position,  that  is  with  its  midrib  resting  on  the  glass  support,  the  two 
arches  are  brought  down  by  the  screw  until  they  all  but  touch  the  trough 
of  the  leaf  at  opposite  ends.  This  done,  the  arches  are  made  to  diverge 
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until  both  are  in  contact  with  the  internal  surface  of  each  lobe  close  to 
its  border.  All  that  remains  is  to  fix  a  graduated  arc  against  the  lever, 
to  select  a  sensitive  hair  for  excitation,  carefully  to  touch  it  at  regular 
intervals,  and  to  record  the  movements  of  the  lever.  Each  approach  ol’ 
the  leaf  is  thus  indicated  in  magnified  proportion  by  the  end  of  the  lever. 
The  following  Table  gives  the  results  of  an  observation  made  in  this  way. 

Table  I. 

Showing  the  result  of  mechanical  successive  excitations  of  the  hair  y,  at 
intervals  of  two  minutes,  continued  until  the  leaf  closed. 


Number  of 
excitations. 

Angular 
measurement 
of  effect. 

o 

.  0 

Time  in  seconds  which  elapsed 
between  contact  and 
the  first  perceptible 

1  to  7 

approach. 

qo 

8 

.  0 

00 

9 

.  0 

oo 

10 

1 

15-5 

11 

1 

10-8 

12 

.  J 

7*3 

13 

.  1 

5*8 

14 

.  14 

5-0 

15 

.  n  f 

4-5 

16 

21 

5*4 

17 

.  3 

4*5 

18 

. .  2 

7*6 

19 

31 

3-8 

20 

.  3f 

3*7 

21 

. .  4  j 

3*3 

22 

. .  54 

4*0 

23 

.  7 

2*7 

24 

.  84 

2*5 

25 

.  8 

Not  observed.  „ 

26 

.  10 

2*2 

27 

At  the  27th  excitation  the  leaf  closed. 

From  this  experiment,  which  was  repeated  several  times  and  always 
gave  similar  results,  it  was  learnt : — (1)  that  the  first  half-dozen  excita¬ 
tions  were  absolutely  without  mechanical  effect;  (2)  that  the  first 
effectual  excitation  was  followed  by  so  slight  a  movement  that  if  it  had 
not  been  enlarged  by  the  lever  it  would  have  been  imperceptible ;  and  (3) 
that  after  this  each  successive  approach  of  the  lobes,  in  most  cases, 
exceeded  its  predecessor.  The  numbers  recorded  in  the  third  column 
relate  to  the  time  of  interval  between  excitation  and  effect,  and  were 
obtained  by  the  following  method. 
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The  apparatus  (fig.  2)  employed  for  this  purpose  consists  of : — 1,  a 
recording-cylinder ;  2,  an  electro-magnetic  chronograph  made  for  us  in 
Paris  by  M.  Yerdin,  the  perfection  of  which  we  owe  to  the  kindness  of 
our  friend  Prof.  Marey  ;  3,  signalling-keys,  of  which  one  closes,  the  other 
opens,  the  signal-circuit — that  of  a  battery  of  two  Daniells.  The  cylinder, 
of  which  the  surface  is  blackened  in  the  usual  way,  revolves  with  great 
regularity  five  times  per  minute,  and  has  a  circumference  of  half  a  meter, 
so  that  the  rate  of  horizontal  movement  of  its  surface  is  two  and  a  half 
meters  per  minute  (4T66  centims.  per  second);  consequently  a  hundredth 
of  a  second  (0*4166  millim.)  is  readily  measurable. 

In  the  present  experiment  it  wTas  necessary  that  the  touching  of  the 
sensitive  hairs  should  be  accomplished  with  great  gentleness,  care,  and 
exactitude,  and  always  in  the  same  manner.  The  touch  in  each  experi¬ 
ment  was  made  by  one  observer  at  an  expected  signal  from  the  other, 
the  arrangement  being  that  A  should  count  aloud  1,  2,  3,  4,  5,  that  B 
should  touch  at  the  moment  5  is  said,  and  that  at  the  same  moment  A 
should  close  the  signal-circuit,  having  his  eye  on  the  lever,  and  being 
ready  to  break  the  circuit  at  the  first  perceptible  movement.  Consider¬ 
ing  that  the  periods  to  be  measured  were  of  several  seconds’  duration, 
this  method  was  quite  accurate  enough  for  the  purpose. 

The  time-measurements,  as  will  be  seen  at  a  glance,  stand  in  a  remark¬ 
able  relation  to  the  mechanical  effects,  showing  that  the  delay  between 
excitation  and  effect  diminishes  as  the  extent  of  the  effect  increases,  both 
facts  having  the  same  meaning — namely,  that  in  the  plant,  as  in  certain 
cases  well  known  to  the  animal  physiologist,  inadequate  excitations  when 
repeated  exercise  their  influence  by  what  has  been  termed  summation, 
i.  e.  that  when  any  number  of  such  stimulations,  say  a,  b,  c ,  cl ,  e,  &c., 
follow  each  other  in  succession,  the  effect  of  each  is  prepared  for  and 
aided  by  its  predecessors  :  so  that  although,  as  in  the  present  instance, 
a,  b,  c,  d,  may  seem  to  produce  no  effect  whatever,  each  of  them  really 
produces  a  change  in  the  excited  structure,  and  each  contributes,  when 
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summed  with  its  predecessors  and  successors,  to  the  bringing  about  of 
the  visible  effect  which  follows  e.  During  the  remainder  of  the  process 
the  operation  of  the  same  law  shows  itself  in  the  gradual  augmentation  of 
the  increments,  the  last  contraction,  that  by  which  the  leaf  closes,  being 
the  result  of  the  summation  of  'the  excitation  which  immediately  pre¬ 
ceded  it  with  all  the  previous  excitations.  Our  conception  of  the  nature 
of  the  process  may  be  otherwise  expressed  by  saying,  that  under  the 
influence  of  successive  excitations  the  latent  excitability  of  the  leaf  gra¬ 
dually  increases  ;  for  whereas  before  it  either  made  no  response  or  post¬ 
poned  its  response  indefinitely,  it  now  answers  to  the  same  stimulus  by 
a  visible  motion  of  which  the  promptitude  and  the  extent  increase 
together. 

In  one  of  our  experiments  we  arranged  our  apparatus  in  such  a  manner 
as  to  obtain  a  graphic  record  of  the  successive  approaches  of  lobe  to  lobe 
by  which  closure  is  ushered  in ;  a  reduced,  but  otherw  ise  accurate,  copy  of 
this  record  is  given  in  fig.  3.  It  show^s  a  fact  which  we  had  already  ascer¬ 


tained  by  observation,  namely,  that  in  each  approach  the  rate  of  motion 
augments  rapidly  at  the  beginning,  and  then  very  slow  ly  subsides.  It 
was  for  this  reason  that  we  allow  ed  two  minutes  to  elapse  between  each 
excitation  and  its  successor  ;  for  if  the  interval  were  less,  the  effect  of  the 
excitation  began  before  that  of  the  previous  one  had  ceased.  In  the 
experiments  represented  graphically  the  excitations  wrere  repeated  every 
minute,  so  that  the  lever  w*as  still  rising  at  the  moment  that  each  new 
ascent  commenced. 

It  appeared  important  to  ascertain  whether,  after  the  leaf  is  closed,  it 
still  continues  to  make  mechanical  efforts.  We  had  already  observed 
that  a  leaf  which  is  repeatedly  excited  after  closure  seems  to  be  clenched 
with  greater  and  greater  force,  and  wre  thought  it  probable  that  mechanical 
wnrk  would  continue  to  be  done  by  a  leaf  after  closure  if  it  had  the 
opportunity.  To  test  this,  all  that  was  necessary  was  to  attach  weights 
to  our  lever  sufficient  to  keep  the  lobes  expanded.  The  result  of  a  single 
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experiment  was  quite  conclusive.  Each  time,  without  exception,  that  the 
leaf  was  excited  the  weight  (one  gramme  at  a  distance  of  10  centims.) 
was  slightly  lifted,  the  extent  of  movement  of  the  lever  varying  from  one 
to  three  degrees. 

As  regards  the  interval  between  excitation  and  the  resulting  movement, 
our  observations  show  that  it  varies  from  2|  seconds  (the  shortest 
observed  after  numerous  excitations)  to  10  seconds.  The  last  estimate, 
however,  is  probably  exaggerated  ;  for  in  the  early  stages,  when  the  mo¬ 
tion  is  of  extremely  small  extent,  it  is  not  possible  to  determine  exactly 
when  it  commences.  In  the  later  stages  this  source  of  inaccuracy  does 
not  exist,  so  that  we  may  confidently  take  two  seconds  as  the  inner  limit 
of  the  period  in  question. 

Part  II. — Electrical  Disturbance  oe  the  Normal  Leaf. 

Section  1. — Electrical  Condition  of  the  Leaf  in  the  unexcited  State. 

The  electrical  condition  of  the  leaf  of  Bioncea  in  the  unexcited  slate 
has  very  recently  been  made  the  subject  of  a  minute  investigation  by 
Prof.  Munk,  of  Berlin.  He  has  found  (1)  that  if  we  conceive  the 
external  surface  of  the  leaf  divided  into  strips  by  parallel  lines  crossing 
the  midrib  nearly  at  right  angles,  and  coinciding  in  their  direction  with 
the  veining,  the  external  surface  of  each  lobe  is  negative  to  the  midrib ; 
(2)  that  in  comparing  different  points  of  the  midrib  with  each  other 
there  is  one,  of  wThieh  the  position  is  two  thirds  of  the  distance  from  the 
near  to  the  far  ends  of  the  midrib,  w7hich  is  positive  to  the  rest.  He 
has  further  (3)  stated  that  the  potential  of  any  point  on  the  internal 
surface  of  the  lobe  is  exactly  equal  to  that  of  the  corresponding  and 
opposite  point  on  the  external  surface. 

These  three  statements  may  be  generalized  as  follows : — On  the 
external  surface  of  the  leaf  three  lines  may  be  distinguished — one  which 
may  be  called  the  positive  line,  which  corresponds  to  the  midrib  ;  and 
two  others,  the  lines  of  greatest  negativity,  which  lie  between  midrib 
and  margin  and  are  nearly  parallel  to  the  first.  Although  it  is  not  the 
special  purpose  of  this  paper  to  investigate  this  part  of  the  subject,  we 
may  state  generally  that  we  have  found  the  first  two  propositions  above 
enumerated  to  be  true  in  all  normal  leaves  with  the  following  exceptions, 
namely : — first,  that  although  the  central  part  of  the  midrib  is  positive  to 
either  end  (more  positive  to  the  near  than  to  the  far  end),  the  position  of 
the  point  of  greatest  positivity  is  not  so  definite  as  Dr.  Munk  states, 
but  differs  in  different  leaves ;  secondly,  that  the  different  points  in  his 
isoelectrical  negative  line  are  never  found  to  be  absolutely  identical. 
As  regards  the  third  proposition  we  are  compelled  to  say,  generally,  that 
it  is  without  foundation.  We  have  found  that  so  far  from  its  being 
generally  true  that  opposite  and  corresponding  points  of  the  two  sur¬ 
faces  exhibit  the  same  potential,  such  identity  occurs  so  rarely  and 
exceptionally,  that  it  may  be  regarded  as  abnormal.  In  a  future  paper 
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we  propose  to  discuss  the  electrical  condition  of  the  leaf  of  Dioncea  when 
unexcited  as  compared  with  that  of  other  non-excitable  leaves.  For  our 
present  purpose  it  is  sufficient  to  state  as  the  general  result  of  our 
observations  on  this  subject,  first,  that  the  part  of  the  midrib  which  lies 
nearest  the  two  central  sensitive  hairs  is  positive  to  every  other  part  of  the 
external  surface  of  the  leaf,  but  has  usually  the  same  potential  as  the 
petiole  and  other  inactive  parts  of  the  plant ;  and  secondly,  that  the 
external  surface,  so  long  as  the  leaf  is  in  vigour,  is  always  positive  to  the 
internal  surface.  These  two  statements,  and  particularly  the  second, 
may  be  accepted  with  confidence ;  but  with  reference  to  the  first  it  must 
be  borne  in  mind  that,  inasmuch  as  unexplained  differences  of  potential 
often  present  themselves  between  symmetrical  points  of  opposite  lobes, 
even  in  leaves  which  appear  to  be  in  a  normal  state,  the  determination  of 
the  difference  between  any  point  and  the  midrib  must  necessarily  be  a 
matter  of  great  difficulty. 

Section  2 .- — Method. 

The  method  employed  in  the  present  research  differs  from  that 
generally  used  in  previous  investigations  relating  to  animal  or  plant 
electricity  in  two  important  particulars,  viz. : — first,  in  the  adoption  of 
the  electrometer  as  a  means  of  investigating  the  electrical  changes  ;  and 
secondly,  in  the  substitution  of  a  constant  for  a  variable  potential. 

The  electrometer  used  is  that  of  Lippmann.  We  became  acquainted 
with  this  instrument  through  the  kindness  of  Prof.  Marey,  who  had 
already  adopted  it  in  physiological  investigations  relating  to  animal 
electricity.  We  append  the  following  description  of  the  instrument, 
referring  the  reader  for  further  information  to  the  original  paper  of  the 
author*. 


The  instrument  consists  of  two  glass  tubes,  A  and  B,  fig.  4,  of  which 
the  former  is  drawn  out  into  a  capillary  point  y,  the  lumen  of  which  is 
about  millim.  At  the  end  opposite  the  capillary,  A  communicates 


*  “  Beziehungen  zwischen  den  capillaren  und  electriechen  Erseheinungen  von  Gr. 
Lippmann,”  Poggendorffs  Annalen,  1873,  Bd,  149, 
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with  a  cul-de-sac  of  thick  india-rubber  (not  shown  in  the  diagram),  the 
cavity  of  which,  as  well  as  that  of  the  tube  itself,  is,  with  the  exception 
of  a  small  bubble  of  air,  filled  with  mercury.  The  cul-de-sac  can  be  com¬ 
pressed  by  a  screw-clamp,  so  that  the  mercury  in  A  can  be  subjected  to 
the  pressure  required  in  order  to  force  it  through  the  capillary,  or  to  any 
less  pressure.  The  tube  B  also  contains  mercury  at  its  closed  end :  the 
remainder  of  its  cavity  is  occupied  by  dilute  sulphuric  acid,  into  which  the 
end  of  the  capillary  y  is  plunged.  Each  of  the  two  tubes  A  and  B  has  a 
platinum  wire  fused  into  it,  by  which  the  two  masses  of  mercury  can  be 
severally  brought  into  connexion  with  any  two  surfaces  of  which  it  may 
be  desired  to  compare  the  electrical  condition. 

The  instrument  is  prepared  for  use  by  first  increasing  the  pressure  in 
A  until  mercury  escapes  from  y,  and  then  diminishing  it,  until  it  stands 
at  a  point  previously  fixed  upon  (which  may  be  called  the  zero  point), 
care  being  taken  that  the  wires  a  and  /3  are  in  contact  with  each  other .  If, 
instead  of  touching  each  other,  any  electromotive  arrangement  or  struc¬ 
ture  is  interposed  between  them,  as  ( e .  g.)  a  muscle-cylinder,  the  mercurial 
meniscus  in  the  capillary  alters  its  position,  retreating  from  y  if  the  sur¬ 
face  with  which  it  is  connected  is  negative  to  the  other,  and  vice  versa. 
The  difference  of  tension  thus  indicated  may  be  measured,  either  by 
increasing  or  diminishing  the  pressure  in  A,  so  as  to  bring  back  the 
meniscus  to  its  zero  position,  and  measuring  the  change  of  pressure 
required  for  the  purpose  (“  compensation  pressure  ”),  or  by  measuring 
the  distance  of  the  point  at  which  the  mercurial  column  in  the  capillary 
stands  when  the  terminals  are  in  contact  with  each  other  from  that  at 
which  it  stands  when  the  electromotive  structure  is  interposed.  Eor 
physiological  purposes  the  latter  plan  is  the  most  convenient.  In  order 
to  carry  it  out,  the  capillary  must  be  mounted  on  the  stage  of  a  suitable 
microscope,  and  furnished  with  micrometrical  arrangements  capable  of 
measuring  accurately  to  a  hundredth  of  a  millimeter. 

The  electrical  values  to  be  assigned  to  the  measurements  so  obtained 
must  be  learned  in  respect  of  each  instrument  by  a  preliminary  process 
of  empirical  graduation. 

Each  capillary  used  as  an  electrometer  must  be  graduated.  The 
graduation  is  effected  by  Poggendorff’s  method  of  compensation,  with 
the  aid  of  Mr.  Latimer  Clarke’s  potentiometer.  As  a  standard  cell 
we  have  used  a  silver-chloride  element,  kindly  given  us  for  the  pur¬ 
pose  by  Mr.  De  La  Rue.  The  coil  of  our  potentiometer  consists  of 
60  turns  of  platinum  wire  of  0*26  millim.  in  thickness.  The  ope¬ 
ration  of  graduating  is  rapidly  performed  ;  consequently  it  can  be 
repeated  frequently  to  ensure  accuracy.  The  reasons  why  for  our 
purpose  we  preferred  the  electrometer  to  the  galvanometer  in  the 
present  investigation  are  easily  made  clear.  In  all  investigations 
relating  to  the  electrical  phenomena  of  plants  and  animals  the  object  in 
view  is  to  ascertain  in  what  way  any  changes  in  the  electrical  condition 
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of  a  living  part  are  correlated  with  other  vital  phenomena  ;  and  for  this 
purpose,  what  is  required  is  always  to  measure  the  electromotive  force 
between  two  points  differing  in  function  (in  the  physiological  sense). 
By  the  electrometer  this  measurement  is  made  directly.  In  employing 
the  galvanometer  a  result  is  obtained  which  acquires  no  absolute  value 
until  another  investigation  of  very  great  difficulty  has  been  gone  virtually 
through — that  of  measuring  the  electrical  resistance  of  the  tissues  which 
intervene  between  the  two  points  investigated.  In  addition  to  this 
obvious  reason  for  preferring  the  measurement  of  tension  difference  to 
the  measurement  of  current,  there  are  other  reasons  why  the  capillary 
electrometer  above  described  is  specially  adapted  to  the  purposes  of  the 
physiologist.  One  of  the  principal  is  that  its  indications  are  sensibly  in¬ 
stantaneous,  on  which  account  it  is  admirably  suited  for  the  investigation 
of  electrical  changes  of  extremely  short  duration,  and  further  that  it  is 
portable  and  little  liable  to  be  injured  by  being  moved  from  place  to 
place.  A  third  advantage  that  it  possesses  is  that  it  can  be  made  and 
graduated  by  the  investigator  himself.  When  in  addition  it  is  further 
remembered  that  for  every  measurement  made  with  the  galvanometer  at 
least  ten  can  be  made  in  the  same  time  with  the  electrometer  with 
greater  accuracy,  it  does  not  appear  unreasonable  to  anticipate  that  the 
latter  will  in  future  be  much  used  for  physiological  investigations. 

The  second  respect  in  which  our  method  differs  from  those  previously 
employed  is  purely  physiological.  It  had  long  been  known  as  regards 
the  living  animal  body  that  the  only  tissues  which  are  electromotive  are 
the  nervous  and  muscular.  All  others  behave,  so  far  as  has  been  ascer¬ 
tained,  as  ordinary  moist  conductors.  Investigated  electros copically  they 
exhibit,  so  long  as  they  are  in  the  living  state,  no  variation  of  potential. 
In  the  plant  it  is  the  same.  An  ordinary  stem  of  a  herbaceous  plant 
has  the  same  potential  as  the  soil  in  which  it  grows,  or  exhibits  such 
trifling  variations  that  it  may  be  said  to  be  constant.  In  most  of  the 
innumerable  researches  which  have  been  made  in  the  domain  of  animal 
electricity  since  the  early  discoveries  of  Du  Bois-Beymond,  the  method 
has  been  adopted  of  comparing  the  electrical  state  of  the  part  to  be 
investigated  not  with  some  other  part  of  the  organism  outside  of  the 
area  of  electrical  change,  and  therefore  possessing  in  relation  to  such 
change  a  constant  potential,  but  with  some  other  part  of  the  electrically 
active  organ  itself.  Thus,  in  the  case  of  muscle,  the  cut  surface  has  been 
compared  with  the  natural  surface,  the  tendon  with  the  muscular  sur¬ 
face,  &c.  These  considerations  led  us  to  begin  our  investigation  by  com¬ 
paring  those  parts  of  the  leaf  of  Dioncea  which  appear  to  be  the  seat  of 
electrical  change,  not  with  other  parts  of  the  same  organ,  but  with  the 
earth  or  with  some  other  part  of  the  same  plant  which  we  had  previously 
ascertained  to  be  electrically  indifferent  and  constant,  i.  e.  free  from 
electrical  vicissitudes.  The  way  in  which  this  was  carried  out  will  be 
explained  in  the  next  section. 
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The  greater  number  o£  the  observations  were  made  at  Kew  during  the 
month  of  August  of  this  year,  the  plants  being  obtained  from  the  hot¬ 
houses  of  the  Koyal  Gardens,  through  the  kindness  of  the  Director,  and 
brought  to  a  conservatory  in  the  house  in  which  one  of  us  resided  several 
days  before  they  were  used.  The  parts  to  be  compared  were  connected 
with  the  electrometer  by  means  of  electrodes  of  the  same  construction  as 
those  which  we  always  employ  for  electro-physiological  purposes.  Each 
consists  of  a  LT-tube  supported  by  a  convenient  holder,  and  half  tilled 
with  saturated  solution  of  zinc  sulphate.  Into  one  arm  is  plunged  a 
ziuc  rod,  of  which  the  immersed  end  is  amalgamated ;  into  the  other  a 
glass  tube  filled  with  kaolin  made  into  a  paste  with  0*75  per  cent, 
solution  of  chloride  of  sodium.  The  upper  end  of  this  mass  of  clay 
forms  a  cushion,  which  can  be  moulded  to  any  required  shape.  Elec¬ 
trodes  of  this  form  are  convenient  to  work  with,  and  possess  manifold 
practical  advantages,  the  greatest  of  all  being  (1)  the  facility  with  which 
they  can  be  renewed  in  case  they  are  found  (by  testing  with  the  galva¬ 
nometer)  to  exhibit  polarity,  and  (2)  the  facility  with  which  they  can  be 
brought  into  any  desired  position. 

The  arrangement  most  usually  adopted  is  as  follows  : — The  pot  con¬ 
taining  the  plant  had  been  previously  kept  plunged  in  water.  Three 
electrodes  are  used ;  by  one  of  them  (called  the  fixed  electrode)  the  damp 
surface  of  the  pot  is  connected  with  a  gas-pipe.  The  other  two  (called 
movable  electrodes)  are  in  contact  with  any  two  surfaces  of  the  leaf 
which  it  is  desired  to  investigate.  By  means  of  a  switch  either  can  be 
brought  into  connexion  with  the  larger  mercurial  surface  of  the  electro¬ 
meter.  The  capillary  surface  is  connected  directly  with  the  earth.  Iu 
many  of  the  experiments  the  capillary  surface  was  connected  directly  with 
the  fixed  electrode. 

Section  3. — General  Characters  of  the  Electrical  Disturbance. 

When  the  capillary  mercurial  surface  of  the  electrometer  is  connected 
by  the  fixed  electrode  with  the  surface  of  the  pot  or  of  the  petiole,  and 
the  movable  one  is  in  contact  with  any  part  of  the  surface  of  the  leaf, 
whether  inside  or  out,  the  effect  of  touching  a  sensitive  hair  is  (with 
certain  exceptions  to  be  mentioned  hereafter)  to  produce  a  transitory 
advance  of  the  mercurial  column  in  the  capillary  tube  towards  its  orifice. 
Such  a  movement  will  hereafter  be  referred  to  as  a  negative  excursion. 
Its  extent  may  be  readily  measured  with  the  aid  of  the  vertical  hair-line 
which  crosses  the  field  of  the  microscope,  and  the  result  recorded  in  a 
number  which  may  express  either  the  change  of  position  of  the  mercurial 
meniscus  in  milliinerets,  or  the  change  of  potential  as  compared  with 
some  unit  of  electromotive  force. 

Considering  that  the  value  of  the  direct  measurement  varies  according 
to  the  part  of  the  capillary  measured,  it  is  clearly  more  convenient  to 
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write  all  results  in  terms  of  the  electromotive  force  of  a  standard  cell, 
of  which  the  letter  d  is  understood  to  denote  the  hundredth  part. 

When  the  whole  of  the  outer  surface  of  the  leaf  is  covered  with  a 
mass  of  clay  moistened  with  salt-solution,  and  the  mass  is  brought  into 
contact  with  the  movable  electrode,  the  fixed  contact  being,  as  before, 
with  pot  or  petiole,  the  effect  of  mechanical  excitation  is  to  produce  a 
negative  excursion,  indicating  a  change  of  potential  at  the  movable 
contact  of  from  3 -5d  to  5‘0d :  when  a  similar  plug  is  applied  to  the  in¬ 
ternal  surface,  so  as  to  cover  the  whole  of  it,  the  result  is  the  same,  but 
the  extent  of  the  excursion  is  somewhat  less.  Hence  it  may  be  generally 
stated  that  the  electrical  disturbance  (which,  as  will  be  afterwards  shown, 
lasts  for  about  a  second)  consists  in  this,  that  the  surface  of  the  leaf 
becomes  more  negative  as  compared  with  any  other  surface  of  which  the 
potential  is  constant,  and  that,  on  the  external  surface,  the  change  is 
greater  than  on  the  internal. 

The  electrical  disturbance  is  strictly  limited  to  the  surface  of  the  leaf. 
If,  the  fixed  electrode  being  in  contact  with  the  petiole,  the  movable 
one  is  brought  into  contact  first  with  the  midrib  at  its  middle  and  then 
in  succession  with  points  nearer  and  nearer  to  the  petiole  until  at  last 
the  line  is  crossed  which  divides  the  petiole  from  the  isthmus  or  bridge 
by  which  it  is  united  with  the  leaf,  and  the  leaf  is  excited  after  each 
change  of  contact,  it  is  found  that  each  excitation  is  followed  by  a 
negative  excursion  so  long  as  the  contact  is  on  the  leaf  side  of  the  line  re¬ 
ferred  to ,  but  that  as  soon  as  that  line  is  passed  no  sign  of  electrical  dis¬ 
turbance  manifests  itself.  Hence  if  two  points  of  contact,  a  and  b,  are 
selected  on  opposite  sides  of  the  limiting  line,  and  the  movable  electrode 
so  shifted  alternately  from  one  to  the  other,  an  excursion  of  Id  or  2d  is 
observed  in  the  one  case,  while  in  the  other  the  mercurial  column  re¬ 
mains  absolutely  motionless.  We  shall  hereafter  see  that  the  fact  that 
the  bridge  or  isthmus  is  electromotive  is  of  importance  to  the  under¬ 
standing  of  certain  phenomena. 

Section  4. — On  the  relative  Intensity  of  the  Excitatory  Electrical 
Disturbance  at  different  parts  of  the  Surface  of  the  Leaf. 

We  have  already  seen  that  the  area  of  disturbance  does  not  exceed 
that  of  the  leaf  itself.  In  our  endeavour  to  limit  that  area  further,  or 
at  all  events  to  determine  the  position  of  the  centre  of  greatest  intensity , 
we  have  allowed  ourselves  to  be  guided  by  the  consideration  that  as  the 
disturbance  itself  must  be  regarded  as  correlative  with  the  property  pos¬ 
sessed  by  the  leaf  of  contracting  when  excited,  that  centre  is  likely  to 
have  its  seat  in  the  excito-contractile  part  of  the  organ.  Now  there  can 
be  little  doubt  that  the  excito-contractile  property  is  localized  in  that 
part  of  the  internal  surface  on  -which  the  sensitive  hairs  are  planted,  and 
further  that  the  tissue  which  takes  an  active  part  in  the  changes  of  form 
by  which  that  property  manifests  itself  is  the  parenchyma,  of  which  an 
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abundant  stratum  stretches  from  one  lobe  to  the  other  across  the  midrib. 
This  being  so,  we  have  a  region  roughly  mapped  out  for  us  comprising 
so  much  of  the  internal  surface  of  the  leaf  as  lies  within  and  around  the 
sensitive  hairs  on  either  side  along  with  the  whole  of  the  space  which 
lies  between  these  parts.  If,  now,  we  proceed  to  contemplate  the  region 
thus  indicated,  in  relation  to  its  structure,  and  limit  it  by  two  parallels 
crossing  the  midrib  and  following  the  direction  of  the  veining,  we  have 
the  whole  leaf  divided  into  three  structurally  analogous  parts,  of  which 
the  middle  part  may,  with  reference  to  the  excitatory  changes  of  form, 
and  therefore,  it  may  be  presumed,  with  reference  to  the  excitatory 
changes  of  potential,  be  regarded  as  representative  of  the  other  two. 
That  we  are  justified  in  thus  regarding  the  leaf  is  rendered  strikingly 
evident  by  the  result  of  an  experiment  in  which  a  leaf  is  mutilated  by 
first  cutting  away  entirely  the  further  third  in  the  line  c  (fig.  6),  and 
then  removing  all  of  the  nearer  zone,  with  the  exception  of  the  midrib, 
so  that  the  leaf  is  reduced  to  the  form  exhibited  in  fig.  5.  In  such  a 


mutilated  leaf  the  electrical  phenomena  of  the  whole  leaf  are  unaltered, 
there  being  at  first  no  difference  between  it  and  the  entire  leaf,  either  as 
regards  the  potentials  of  the  surfaces  or  the  changes  which  are  produced 
by  excitation. 

It  having,  on  these  grounds,  been  determined  that  we  should  direct 
our  attention  to  the  middle  third  of  the  leaf,  the  next  step  was  to  fix  on 
contact  points  for  electrical  investigation.  On  the  internal  surface  of 
each  lobe  we  selected  the  point  (evidently  the  most  important)  which  is 
equidistant  from  the  three  sensitive  hairs,  on  the  external  surface  the 
point  opposite  and  corresponding  to  the  first,  and  similarly  two  points 
on  the  external  and  internal  surface  respectively  of  the  midrib,  situated 
in  the  line  of  junction  of  the  before-mentioned  points  on  the  lobes.  We 
now  proceed  to  state  what  results  are  obtained  when  these  several  points 
are  investigated,  it  being  understood  that  each  of  them  exhibits  a  negative 
variation  when  it  is  compared  with  some  other  part  of  the  plant  lying 
outside  of  the  area  of  excitation.  We  shall  employ  the  following  abbre¬ 
viations — viz.  the  letters  l  and  m  to  denote  the  points  already  indicated 
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on  the  lobes  and  midrib  respectively ;  el  for  the  external  surface  (fig.  6)  and 
ll  for  the  internal  surface  of  each  lobe  :  em  the  external  surface,  and  rra 


the  internal  surface  of  the  midrib,  and  p  for  the  petiole.  We  shall 
further  use  the  capital  letter  P  for  potential,  and  the  capital  letter  V  for 
variation  of  potential,  mP  for  the  potentials  of  the  outer  surface  of  the 
midrib,  and  emV—pY  for  the  difference  of  potential  between  that  surface 
and  the  surface  of  the  petiole,  in  other  words,  for  the  result  of  an  ob¬ 
servation  made  with  the  fixed  contact  at  the  petiole  and  the  movable 
contact  at  em. 

a.  Mechanical  Excitation. — In  four  leaves  (a,  b,  c,  d )  observed  in  succes¬ 
sion,  the  potentials  and  variations  of  the  external  surfaces  of  the  midrib 
and  lobe  were  severally,  in  hundredths  of  the  standard  cell,  as  follows  * — 


emP — pP .  0  0  0  0 

elV-p?  . .  1-6  0  0  1-6 

emY .  -5*0  -6-5  -4*2  -4*5 

eTY  .  —2*0  —6-5  -4-0  -4-0 


The  observations  given,  although  taken  in  succession,  exhibit  great 
differences  of  result.  They  serve  to  exemplify  the  general  statement 
that,  as  regards  the  external  surface,  the  variation  is  greatest  near  the 
midrib. 

When  the  variation  is  compared  on  opposite  and  corresponding  points, 
it  is  almost  always  found  that  the  external  variation  exceeds  the  internal. 
Thus  in  nine  observations  the  elY  and  UY  were  respectively  —6*5  (elY) 
and  —2-0  (UY),  —4*5  and  0,  —6-5  and  —1*2,  —3*5  and  —2*0,  —  3*5  and 
—  1*8,  —6*5  and  —3*0,  —4*5  and  —2*2,  —5*5  and  —2*5,  —  4*5  and  —2-5. 
The  following  were  the  actual  results  obtained  in  two  of  these  cases  in 
which  successions  of  alternate  measurements  were  made  : — 

Leaf  a  (12  measurements)  tZP— pP=  —  1*2,  elV  —  ^P  =  0. 
eZY=-3-6,  -4-0,  —4-2,  -4-0,  -4-0,  -4*5. 
iZV=  — 1*5,  -1-7,  -1-6,  -1*8,  —2*2,  -2*2, 

Leaf  b  (20  measurements)  elP  —  pT>=  — 1*0  — 1*5,  iZP  —  p¥—  —  3*5. 
elY  —  —  5*0,  —6-2,  —6-5,  —  5'5,  —5*1,  —5*0,  —4*8,  —4*9,  —4*9,  —4*9. 
iZV=- 2-0,  -2-0,  -2-0,  -3*0,  -3*0,  -2*1,  -2*5,  -2*5,  -2*5,  -2-4. 
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Similarly  in  a  vigorous  leaf  specially  investigated  with  reference  to  the 
internal  and  external  surfaces  of  the  midrib,  the  results  were  as  follows : — 

imP  — y>P  =  —  3*0,  emP  —  jpP  =  0,  imV  = — 3*0  to  — 3*5,  emV=  —  5*5. 

In  at  least  a  dozen  excitable  leaves  which  we  have  investigated  with 
reference  to  the  conditions  of  the  external  and  internal  surfaces,  we  have 
met  with  no  exception  to  the  statement  made  above  as  to  the  predominance 
of  the  external  variation.  But  in  two  leaves  which,  though  apparently 
health  v,  failed  to  close  when  excited,  the  external  variation  not  only  did 
not  exceed  the  internal,  but  was  actually  positive,  ranging  from  0 *5(7  to 
1-07,  the  internal  variation  being  normal,  i.  e.  negative,  and  ranging  from 
—  0*5  to  —1'2.  In  both  instances  the  potential  of  the  outer  surface  was 
unusually  negative,  both  as  compared  with  the  petiole  (eW—joV—  —4*5(7) 
and  as  compared  with  the  opposite  internal  surface  (77P  —  -jpP=  —3*5 cl). 

These  were  the  only  instances  in  which  the  external  surface  exhibited 
a  positive  variation.  Other  leaves,  however,  were  observed  in  which  the 
same  condition  presented  itself  on  the  internal  surface,  and  was  again 
associated  with  an  extremely  negative  potential.  Thus  in  leaf  51,  in 
which  the  internal  variation  was  +  1*2(7  and  the  external  —3*5 <7,  the 
difference  of  potential  was  3*8(7 ;  and  in  leaf  52,  in  which  the  internal 
variation  was  +  6*0(7  and  the  external  —3*5(7,  the  difference  of  potential 
was  4*5(7. 

Before  stating  in  what  way  we  think  that  these  apparent  anomalies 
may  be  explained,  we  must  give  an  account  of  a  phenomenon  of  the  same 
kind  but  of  much  more  frequent  occurrence.  In  perfectly  fresh  leaves, 
i.  e.  in  leaves  which  have  not  yet  been  touched,  it  sometimes  happens  that 
when  a  single  hair  is  excited  at  regular  intervals,  the  first  few  excursions 
obtained  with  the  movable  contact  on  the  internal  surface  of  the  lobe 
differ  from  the  succeeding  ones  in  being  preceded  by  what  may  be  pro¬ 
visionally  called  a  preexcursion  in  the  opposite  direction.  Thus  in  leaf 
22  the  first  effect  was  a  mere  shudder  of  the  mercurial  column,  followed 
by  a  very  small  negative  excursion.  The  second  was  larger  (77V  =  —  1*2(7) 
preceded  by  a  very  perceptible  movement  of  the  mercury  in  the  opposite 
direction.  The  next  two  were  still  larger,  but  the  preexcursion  was 
still  perceptible.  After  this  the  excursions  were  purely  negative.  Three 
other  instances  wefe  met  with  of  the  same  kind. 

That  any  part  of  the  surface  of  the  leaf  should  exhibit  a  positive  ex¬ 
cursion  seems,  at  first  sight,  inconsistent  with  the  statement  which  has 
been  made  that  the  variation  both  of  the  external  and  internal  surface 
of  the  leaf  is  negative.  That  it  is  not  so,  may,  however,  be  readily  under¬ 
stood  from  the  following  considerations. 

We  have  already  seen  that  the  petiole  or  other  part  of  the  plant  with 
which  the  fixed  electrode  is  directly  or  indirectly  in  contact  is  electrically 
indifferent,  or,  in  other  words,  serves  the  purpose  of  an  ordinary  moist 
conductor,  just  as  if  it  were  part  of  the  clay  plug  by  which  the  contact 
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is  made.  By  means  of  the  petiole,  the  whole  plant  and  the  electrode 
which  is  applied  to  it  and  the  capillary  tube  are  in  contact  with  an  electro¬ 
motive  part  of  the  leaf,  namely,  the  “  bridge  ”  already  mentioned.  The 
bridge,  as  we  have  seen,  is  within  the  area  of  electrical  disturbance,  and 
participates  in  the  general  negative  variation ;  but  by  reason  of  its  position, 
i.  e.  of  the  fact  that  it  is  virtually  in  contact  with  the  fixed  electrode,  and 
through  it  with  the  capillary  mercurial  surface,  its  action  on  the  electro¬ 
meter,  is  opposed  to  that  of  the  surface  to  which  the  movable  electrode  is 
applied.  Supposing  the  variation  at  the  two  contacts  to  be  simultaneous 
and  to  have  the  same  sign,  they  must  counteract  each  other.  In  general 
the  variation  at  the  surface  of  the  leaf  far  exceeds  that  at  the  bridge,  so 
that  the  sign  of  the  excursion  is  purely  negative ;  but  whenever  the  dis¬ 
turbance  in  the  neighbourhood  of  the  bridge  happens  to  exceed  that 
which  occurs  at  the  movable  contact  in  intensity,  the  excursion  becomes 
partially,  or  entirely,  positive.  That  this  is  so  may  be  easily  shown  by 
the  following  experiment : — If  in  a  leaf  of  which  the  internal  lobe-varia¬ 
tion  is  negative,  the  fixed  contact  is  shifted  from  the  petiole  to  the  end 
of  the  midrib  next  the  bridge,  it  is  observed  either  that  the  excursion 
diminishes  or  becomes  at  once  positive,  or  that  there  is  a  short  negative 
excursion  followed  by  a  longer  positive  one,  this  signifying  that  although 
at  first  the  lobe-variation  has  the  better,  it  yields  immediately  after  to 
the  more  intense  disturbance  at  the  midrib. 

The  principle  thus  illustrated  applies  not  merely  to  the  particular  case 
now  under  consideration,  but  to  every  case  in  which  the  difference  of 
potential  is  measured  between  any  part  of  the  surface  of  the  leaf  and  any 
part  of  the  surface  of  the  plant  assumed  not  to  be  electromotive.  In 
every  such  case  it  must  be  assumed  that  the  difference  measured  represents 
not  the  whole  of  the  electromotive  force  exerted  at  the  surface  of  the 
leaf,  but  only  so  much  of  it  as  is  in  excess  of  the  electromotive  force 
exerted  at  the  end  of  the  midrib  next  the  bridge. 

We  propose  to  apply  the  term  “  interference  excursion to  the  effect 
observed  whenever,  as  in  the  experiment  referred  to  at  the  close  of  the 
last  Section,  contact  is  made  with  both  electrodes  within  the  area  of  dis¬ 
turbance  ;  so  that  the  electrical  state  of  the  surface  is  compared,  not  with 
another  surface  of  which  the  potential  is  constant,  but  with  a  surface 
which  is  itself  a  seat  of  change. 

The  characters  of  such  excursions  are  much  more  complicated  than 
those  we  have  hitherto  considered — a  fact  which  can  be  readily  under¬ 
stood  when  it  is  borne  in  mind  that,  as  will  be  shown  in  a  future  section, 
the  electrical  disturbance,  although  it  exhibits  the  same  general  character 
everywhere,  does  not  either  begin  or  attain  its  maximum  at  the  same 
moment  in  different  parts  of  its  area.  To  a  great  extent  the  characters 
of  interference  excursions  may  be  understood,  if  along  with  the  want  of 
synchronism  the  differences  of  intensity  of  the  changes  going  on  at  the 
two  contacts  during  the  period  of  disturbance  be  taken  into  account-; 
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but  it  will  be  readily  understood  that,  in  some  instances,  the  conditions 
are  so  complicated  that  we  can  scarcely  hope  to  explain  their  operation 
satisfactorily  or  completely*. 

b.  Electrical  Stimulation. — In  the  experiments  of  which  the  results 
were  communicated  to  the  Royal  Society  in  1873  it  was  found  that  the 
passage  of  induction-shocks  in  rapid  succession  (faradization)  through  the 
tissue  of  the  leaf  in  the  immediate  neighbourhood  of  the  external  surface 
of  a  lobe  produced  effects  which  resembled  those  which  follow  mechanical 
excitation.  It  also  appeared  that  this  mode  of  excitation  was  exhausting ; 
for  although  a  leaf  could  be  excited  at  2  minutes’  intervals  for  an  hour  or 
two  without  any  appreciable  impairment  of  its  excitability,  it  soon  ceased 
to  respond  when  excited  very  frequently. 

During  the  last  summer  we  have  confirmed  these  observations,  using 
not  only  faradization  but  single  induction-shocks.  For  both  purposes  we 
have  found  it  convenient  to  employ  as  exciting  electrodes  steel  needles 
sheathed  in  glass  and  bound  together  so  that  their  exposed  points  were 
about  a  millimeter  apart.  These  points  were  thrust  through  the  epi¬ 
dermis  of  the  leaf  either  on  the  internal  or  external  surface. 

For  the  production  of  single  closing  shocks  the  primary  circuit  of 
Du  Bois’s  induction-apparatus  (that  of  a  single  Daniell)  was  closed  at 
regular  intervals  by  a  Donder’s  fall-apparatus  (a  modification  of  Pfliiger’s), 
the  opening  shocks  being  suppressed  by  a  suitable  contrivance.  The  ex¬ 
periment  was  begun  with  a  fresh  leaf  and  with  the  secondary  coil  at  a 
distance  of  from  15  to  20  centims.  The  electrometer  indicating  that  there 
was  no  effect,  the  distance  was  gradually  shortened  until  the  electrical 
disturbance  took  place.  The  excitation  was  then  repeated  at  one  minute 
intervals  until  the  leaf  ceased  to  respond.  It  was  always  found  that  it 
was  necessary  to  push  up  the  secondary  coil  to  within  a  couple  of  inches 
of  the  primary — in  fact,  to  use  induction-currents  of  such  strength  as 
would  be  sufficient  to  awaken  reflex  action  from  the  cutaneous  surface  of 
the  frog.  There  was  an  appreciable  delay  between  the  passage  of  the 
induction-shock  and  the  electrical  disturbance  which  resulted  from  it, 
a  delay  of  which  the  duration  varied  according  to  conditions  to  be  dis¬ 
cussed  in  the  next  section. 

When  a  leaf  is  excited  at  intervals  of  a  minute,  or  oftener,  by  closing 
shocks  which  are  of  just  sufficient  intensity  to  produce  a  response,  it  in¬ 
variably  happens  that  after  a  time  the  effect  ceases,  i.  e.  that  the  mercurial 
column  remains  motionless.  The  effects  can,  however,  be  reproduced 
either  by  shifting  the  needle-points  to  a  new  spot  or  by  diminishing  the 
distance  of  the  secondary  coil.  The  same  result  can  be  attained  withoui 
interfering  either  with  the  coil  or  the  electrodes,  by  allowing  the  leaf  to 
rest  for  a  longer  interval. 

*  Compare  Du  Bois-Reymond,  “  Ueber  die  neg.  Schwankung  des  Muskel-Stromes  ” 
(Arch.  f.  Anat.  u.  Physiol.  1873,  p.  549).  In  this  paper  is  described  an  analogous  effect 
(doppelsinnige  Schwankung)  observed  in  the  gastrocnemius  and  triceps  of  the  frog. 
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We  next  proceed  to  compare  the  effects  of  single  shocks  with  that  of 
faradization.  The  difference  is  striking.  If  the  same  experimental 
method  is  employed  as  before,  with  the  exception  that  each  excitation 
consists  of  the  passage  through  the  tissue  not  of  a  single  induction-shock, 
but  of  a  rapid  succession  of  such  shocks  in  alternately  opposite  directions, 
it  is  found  that  an  effect  is  obtained  with  currents  of  relatively  small 
intensity,  so  that  if  the  experiment  is  begun  with  the  coil  at  20  centims. 
distance,  and  pushed  up  a  centimeter  at  a  time,  the  leaf  begins  to  respond 
after  one  or  two  approximations. 

This  observation  appeared  to  us  to  indicate  plainly  that,  with  relation 
to  stimuli,  the  excitability  of  the  leaf  resembles  that  of  the  terminal 
organs  of  the  higher  animals,  with  reference  to  which  it  has  been  lately 
ascertained  that  they  can  be  so  excited  as  to  awaken  reflexes  by  relatively 
feeble  electrical  stimuli,  if  applied  at  very  short  intervals  and  repeatedly. 
We  therefore  proceeded  to  make  experiments  in  which  each  excitation 
consisted  of  a  definite  number  of  induction-shocks  in  rapid  succession. 
The  results  were  in  accordance  with  our  expectations.  It  having  been 
ascertained  that  with  the  electrodes  in  a  certain  position  a  single  instan¬ 
taneous  contact  had  no  effect  when  the  secondary  coil  was  at  7  centims., 
but  was  followed  by  an  excursion  when  it  was  pushed  into  6*5  centims., 
it  was  set  once  more  at  7  centims.  Again  a  single  contact  was 
without  result ;  two  such  contacts  at  ^-second  intervals  were  also 
futile ;  but  after  3  contacts  there  was  an  excursion.  This  experiment 
having  been  several  times  repeated,  the  coil  was  pushed  back  to  8  centims., 
and  successive  experiments  were  made  with  series  of  2,  3,  and  4  con¬ 
tacts  at  -i-  intervals,  which  were  in  each  case  without  effect.  After 
5  contacts,  however,  there  was  an  excursion.  On  now  interposing  the 
vibrator  of  the  induction-apparatus,  of  which  the  rate  of  vibration  was 
30  per  second,  it  was  found  that  an  excursion  was  readily  produced  at  a 
distance  of  11  centims.,  thus  showing  that  the  feebler  the  excitation 
the  more  frequently  must  it  be  repeated  in  order  that  a  result  may 
follow. 

These  facts  afford  the  key  to  the  understanding  of  the  phenomena 
when  the  leaf  is  excited  at  short  intervals  by  faradization,  the  excitation 
being  continued  each  time  until  an  excursion  is  produced.  When  this 
plan  is  adopted  we  have  the  opportunity  of  observing  the  combined 
influence  of  summation  and  of  gradually  increasing  exhaustion.  At  first 
the  leaf  responds  after  eight  or  ten  excitations,  and  a  series  of  results 
present  themselves  quite  analogous  to  those  related  in  the  preceding 
paragraph ;  but  as  the  tissue  immediately  surrounding  the  electrodes  loses 
its  excitability,  the  number  of  excitations  required  to  awaken  it  to  action 
rapidly  increases,  the  effect  being  postponed  for  longer  and  longer 
periods  until  it  finally  fails  to  occur. 

Thus,  in  eleven  successive  series  of  excitations  at  one-minute  intervals, 
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the  number  of  double  shocks  which  preceded  the  excursion  increased  as 
follows : — 

18,  18,  20,  23,  21,  24,  24,  27,  33,  32,  74. 

After  the  latter  no  further  effect  was  producible. 

The  result  may  be  thus  interpreted.  Each  excursion  is  an  effect  to 
which  each  of  the  induction-shocks  which  precedes  it  contributes.  At 
first  the  summation  is  rapid ;  for  the  tissue  traversed  by  the  currents  is 
still  prompt  to  enter  into  that  molecular  change  of  which  the  excursion 
is  the  visible  sign.  As  this  promptitude  to  change  or,  as  it  might  be 
called,  explosiveness,  diminishes,  the  number  of  individual  stimuli  re¬ 
quired  in  order  to  bring  about  the  discharge  becomes  rapidly  larger  and 
larger,  until  at  last  the  result  is  indefinitely  postponed. 

When  a  leaf  is  excited  at  regular  intervals  by  single  shocks  of  such 
intensity  as  to  be  just  beyond  the  limit  of  adequacy,  so  that  the  slightest 
diminution  would  render  them  futile,  it  is  sometimes  observed  that  the 
effects  become  rhythmical.  Thus  in  a  series  of  54  successive  excitations 
at  half-minute  intervals,  we  obtained  the  following  results  : — Excitations 
1,  2, 3,  and  4  were  effectual;  but  of  the  sixteen  excitations  following,  every 
other  was  futile,  the  alternate  ones  being  followed  by  excursions ;  then 
followed  during  8  minutes  a  series  of  futile  excitations,  after  which  the 
leaf  was  allowed  to  rest  for  2  minutes.  On  resuming,  the  alternate 
rhythm  again  appeared  for  six  excitations,  then  becoming  modified  so 
that  an  excursion  followed  every  fourth  instead  of  every  third  excitation, 
a  state  of  things  which  continued  for  a  quarter  of  an  hour.  In  other 
instances  the  same  tendency  showed  itself,  but  less  distinctly,  the  usual 
result  being  (as  has  been  already  stated)  that  no  further  effect  was  produced 
so  long  as  the  same  spot  was  acted  upon  by  currents  of  the  same  in¬ 
tensities. 

The  fact  that  by  changing  the  seat  of  insertion  of  the  needle-points 
the  excursions  could  at  any  time  be  reproduced  we  regard  as  of  import¬ 
ance,  as  showing  that  the  excitability  of  the  plant  is  a  property  possessed, 
so  to  speak,  independently  by  the  protoplasm  of  every  cell  in  the  excitable 
area.  When,  after  repeated  excitations  at  any  particular  point,  effects 
cease  to  manifest  themselves,  their  absence  denotes,  not  that  the  whole 
leaf  is  exhausted  (for  if  it  were  so,  change  of  insertion  would  not  renew 
them),  but  merely  that  the  excitability  of  the  tissue  in  the  immediate 
contact  with  the  needle-points  has  been  blunted. 

Section  5. — The  Electrical  Disturbance  considered  in  Relation  to  the  Time 

which  it  occupies . 

It  has  already  been  stated  that  the  change  of  form  consequent  on 
excitation  does  not  begin  until  electrical  disturbance  is  entirely  over.  In 
other  words,  the  latter  occupies  a  period  during  which,  while  no  visible 
changes  are  taking  place,  molecular  changes  must  certainly  be  in  progress 
in  the  excited  part — a  period  which,  with  reference  to  muscle,  Du  Bois- 
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Reymond  has  fitly  termed  the  “  period  of  latent  excitation.”  In  the 
plant  the  time  occupied  by  this  preparatory  and  invisible  change  is,  as 
might  be  expected,  many  times  as  great  as  it  is  in  animal  muscle ;  and 
in  consequence  of  this  greater  prolongation  the  electrical  phenomena, 
the  only  ones  with  which  we  are  as  yet  acquainted,  which  accompany  it 
can  be  studied  with  much  greater  completeness.  In  muscle  the  electrical 
disturbance  begins,  according  to  the  researches  of  Bernstein,  confirmed 
by  Du  Bois-Iieymond,  about  0"*005  after  electrical  excitation  of  the 
nerve*.  In  the  plant  this  period,  which  may  be  called  the  period 
of  electrical  delay,  is  always  of  perceptible  duration,  and  may  last  over  a 
second.  To  measure  it  we  have  employed  the  apparatus  previously 
described  as  used  for  investigating  the  time  of  commencement  of  the 
first  mechanical  effects,  with  the  exception  that  the  signalling-key  is  so 
modified  that  the  same  act  which  closes  the  signal-circuit  excites  the 
leaf.  This  is  effected  by  fixing  to  the  spring  of  the  closing-key  a  lead 
wire  which  carries  at  its  end  a  fine  camel-hair  pencil,  so  that  when  the 
spring  is  depressed  contact  is  made,  and  the  hairs  of  the  leaf  are  touched 
at  the  same  moment. 

The  time  which  intervenes  between  excitation  and  the  beginning  of 
the  electrical  disturbance  varies  in  different  leaves  according  to  their 
vigour,  but  is  very  much  affected  by  variations  of  temperature.  In  sum¬ 
mer  weather  and  with  normal  leaves  the  variation  on  the  external  sur¬ 
face  at  the  midrib,  or  at  the  outer  surface  of  the  lobe,  when  the  sensitive 
hairs  on  the  same  side  are  touched,  is  found  to  begin  about  one  eighth  of 
a  second  after  excitation.  When  the  opposite  hairs  are  excited,  the 
period  is  increased  to  a  quarter  of  a  second.  In  six  fairly  normal  leaves 
under  various  conditions,  in  which  the  delay  was  measured  with  the 
fixed  contact  on  the  petiole,  and  the  movable  one  on  the  outer  surface 
of  one  lobe,  the  results  given  in  the  following  Table  were  obtained. 


Table  II. 


No.  of 
Leaf. 

Date. 

Mean 
tempera¬ 
ture  of 
day. 

Hairs  of  same  side  excited. 

Hairs  of  opposite  side  excited. 

Mean  delay 
in  seconds. 

Number  of 
observations. 

Mean  delay 
in  seconds. 

Number  of 
observations. 

a 

Aug.  10 

64*8  F. 

043 

4 

024 

3 

b 

„  11 

62*4 

0-09 

4 

0-23 

2 

c 

„  15 

76*2 

047 

4 

0-23 

3 

d 

76-2 

0-34 

4 

0-51 

3 

e 

„  21 

64-7 

0*23 

14 

0-56 

6 

f 

Oct.  23 

0-43 

3 

0-65 

3 

In  six  other  leaves  in  which  the  delay  was  measured  at  the  outer  sur¬ 
face  of  the  midrib,  the  mean  results  were  as  follows  : — 


*  Du  Bois-Reymond,  loc.  cit.  p.  575. 
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Table  III. 


No.  of 
Leaf. 

Date. 

Mean 
tempera¬ 
ture  of 
day. 

Mean  delay 
in  seconds. 

Number  of 
observations. 

9 

Aug.  21 

64-7  F. 

024 

5 

h 

64-7 

0-26 

13 

i 

Oct.  11 

57-7 

0-23 

3 

k 

„  19 

56-4 

0-23 

3 

l 

„  21 

464 

0-48 

6 

m 

„  '22 

0-33 

2 

Combining  the  numbers  contained  in  the  two  Tables,  we  have  0-295  as 
the  mean  delay  at  midrib,  0-231  as  the  mean  delay  at  the  outer  surface 
of  the  lobe  when  the  seat  of  excitation  is  close  to  the  contact  at  which 
its  effect  is  observed,  and  lastly  0’403  as  the  delay  when  the  electrical 
disturbance  has  to  make  its  way  through  the  midrib  from  the  opposite 
side  of  the  leaf ;  so  that  0*17,  or  one  sixth  of  a  second,  is  the  time 
required  for  the  transmission  of  the  effects  from  one  side  to  the  other. 
All  the  observations  on  which  these  numbers  are  founded  were  made  by 
mechanical  stimulation.  In  a  few  experiments  we  substituted  stimula¬ 
tion  by  single  induction-shocks,  modifying  our  apparatus  by  introducing 
the  electro-magnetic  chronograph  into  the  primary  circuit,  so  that  the 
moment  of  its  closure  was  recorded  on  the  cylinder.  The  results  we 
obtained  were  remarkably  uniform,  and  confirmed  those  already  recorded. 
Thus  in  four  observations  in  which  the  needle-points  were  inserted  into 
the  outer  surface  of  one  lobe  close  to  the  movable  contact,  the  intervals 
were  respectively  0*25,  0-25,  0-28,  0*25.  When  they  were  inserted  into 
the  opposite  lobe  of  the  same  leaf  they  were  0*42,  0*49,  0*52,  0*48,  0-56, 
0*45,  0*54,  0-52,  0*50,  0-46,  0*55.  The  mean  gives  0-18  as  the  time 
which  the  variation  takes  in  order  to  cross  from  one  side  to  the  other. 
If  we  assume  the  distance  thus  traversed  by  what  we  may  call  the  wave 
of  negative  variation  to  be  8  millims.,  more  or  less,  we  have  the  rate  of 
propagation  about  4*4  centims.  per  second,  that  is  600  times  as  slow  as 
in  nerve.  This  estimate  is,  no  doubt,  too  low  ;  for  some  of  the  observa¬ 
tions  were  made  in  cool  weather,  and  we  now  know  that  the  process  is 
much  affected  by  temperature.  If  we  take  as  our  basis,  observations 
made  under  the  most  favourable  circumstances  in  this  respect,  we  have 
for  the  outside  of  the  leaf  close  to  the  seat  of  excitation  0*13,  and  for 
the  opposite  side  0*24,  which  gives  0*11  instead  of  0*18  as  the  time 
required  for  transmission.  In  one  instance,  indeed,  we  observed  by 
repeated  careful  measurements  as  short  a  period  as  0*06  under  normal 
circumstances.  In  the  experiments  to  be  mentioned  in  the  next  section, 
when  the  leaves  were  artificially  warmed,  the  delay  was  similarly  abbre¬ 
viated.  This  subject  requires  further  investigation  *. 

*  It  is  to  be  remembered  that  the  measurements  were  not  made  in  the  hothouse, 
but  in  an  ordinary  room.  At  the  time  they  were  made  we  were  not  aware  of  the 
remarkable  influence  of  temperature. 
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In  the  few  cases  in  which  we  determined  the  moment  at  which  the 
variation  commenced  (by  mechanical  stimulation)  on  the  internal  and 
external  surface  of  the  leaf  respectively,  we  found  that  there  was  a  dif¬ 
ference  in  favour  of  the  outside.  Thus  in  one  leaf  (89)  the  delay  at  the 
outer  surface  of  the  lobe  was  0*18,  at  the  inner  0*30,  at  the  outer  sur¬ 
face  of  the  midrib  0*34,  and  at  the  inner  0*38. 

When,  however,  electrical  stimulation  is  used,  the  difference  becomes 
very  obvious.  In  one  of  the  experiments  already  referred  to,  relating 
to  faradization  with  weak  currents,  we  employed  two  movable  electrodes, 
one  on  the  external,  the  other  on  the  internal  surface  of  a  lobe  of  a  leaf, 
the  fixed  contact  being  on  the  petiole,  and  the  needles  being  inserted  into 
the  opposite  lobe.  When  by  this  means  the  excursions  were  taken 
alternately  from  the  outer  and  inner  surface,  it  became  very  obvious  that 
in  every  instance  the  outside  excursion  began  first.  At  the  commence¬ 
ment  of  the  experiment  when  the  condition  of  the  excited  part  remained 
fairly  normal,  the  delays  in  seconds  were  as  follows  : — 

Outside .  0-48,  0*50,  0*52,  0*65,  0-49. 

Inside  . 0*71,  0*61,  0*68,  0*75,  0*95. 

As  exhaustion  came  on,  the  difference  was  more  and  more  obvious. 
The  following  observations  were  made  at  intervals  of  a  minute  : — 

Outside  .  0-69,  0-82,  0-93,  0-78,  0*98,  2*26. 

Inside .  0*89,  0*99, 1-13,  1*08,  1*43,  3*57. 

After  which  no  further  results  were  produced  until  the  distance  of  the 
secondary  coil  was  reduced  from  eight  to  seven  centims.  On  then 
exciting  every  half  minute  the  results  were  : — - 

Outside  .  .  . . .  056,  0*66,  1*32. 

Inside  .  0*71,  1*43,  1*89. 

After  bringing  the  coil  to  six  centims.  we  had  : — 

Outside .  0*60,  1*08. 

Inside  .  0*82,  2*07. 

When,  instead  of  investigating  contacts  comprised  within  the  central 
parts  of  the  leaf,  a  comparison  is  made  between  the  time  at  which  the 
excursion  begins  at  the  centre  with  that  at  which  it  becomes  appreciable 
towards  the  margin  of  the  area  of  excitation,  delays  very  much  greater 
than  those  we  have  been  considering  present  themselves.  Thus,  when 
mechanical  stimulation  is  used,  and  the  two  movable  electrodes  are 
placed  severally  on  the  under  surface  of  the  midrib,  a  little  beyond  the 
middle  and  on  the  bridge,  the  delays  were  : — 


On  the  midrib .  0*27,  0*25,  0*22,  0*26,  0*32,  0*32, 

0*32,  0*25,  0*34,  0*18 ; 

On  the  bridge .  0*66,  0*56,  0-55,  0*52,  0*51,  0*50, 

0*70,  0*74,  0*49,  0*56,— 
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giving,  as  means,  for  the  midrib  0*27,  for  the  bridge  0*58,  In  another 
leaf  similar  comparisons  were  made  between  the  excursion  at  the  outer 
surface  of  the  left  lobe  opposite  the  hairs  and  the  bridge,  with  these 
results  : — 

On  the  outside  .  0*26,  0*24,  0*12,  018. 

On  the  bridge .  0*87,  0*65,  0*85,  0*83. 

In  these  instances  the  distance  traversed  by  the  wave  of  negative  varia¬ 
tion  was  not  even  so  great  as  in  the  cases  in  which  its  progress  was 
investigated  from  one  side  of  the  leaf  to  the  other ;  so  that  it  might,  at 
first  sight,  be  inferred  from  the  much  greater  prolongation  of  the  delay 
that  the  rate  of  transmission  was  slower  towards  the  root  of  the  leaf  than 
across  it.  It  is  possible  that  it  is  so,  but  it  cannot  be  inferred  from  the 
measurements ;  for  in  the  case  of  the  observations  relating  to  the  bridge 
two  excursions  are  compared  of  very  different  intensity  ;  and  when  this 
is  the  case  the  weaker  one  appears  to  be  behind  the  other,  and  is,  in  fact, 
seen  last  even  when  the  two  culminate  simultaneously. 

The  time  at  which  the  mercurial  column  reaches  its  furthest  point 
(acme  of  excursion),  and  the  time  at  which  it  returns  to  its  original  posi¬ 
tion,  have  been  severally  determined  in  a  considerable  number  of  instances 
in  normal  leaves.  The  results  are  embodied  in  the  following  Table. 
All  of  them  relate  to  observations  in  which  the  fixed  contact  was  at  the 
external  surface  of  the  leaf,  viz.  in  four  cases  on  the  outer  surface  of 
a  lobe,  in  four  cases  on  the  midrib.  In  all  the  cases  the  excitation  was 
mechanical,  and  the  hairs  touched  were  in  the  immediate  neighbourhood 
of  the  contact. 


Table  IV. 

Time,  in  seconds,  after  excitation  of 


No. 
of  leaf. 

Beginning 

of 

Maximum 

of 

End  of 
excursion. 

Number 
of  obser- 

excursion. 

excursion. 

rations. 

f 

a 

047 

Not  observed. 

216 

7 

Outer 

b 

0T2 

1-06 

201 

4 

surface  of  < 

c 

0-20 

0-99 

181 

8 

lobe. 

Do.  diff.  1 
contact.  J 

0-22 

144 

269 

7 

r 

a 

0-27 

Not  observed. 

1*51 

7 

Midrib.  - 

d 

e 

019 

0-17 

Do. 

1-34 

159 

Not  observed. 

4 

3 

l 

i 

0-23 

1-46 

2-22 

3 

Means 

0-19 

1-26 

1-99 

From  this  Table  the  general  conclusion  may  be  drawn  that  in  normal 
leaves,  in  which  the  excursion  begins  to  be  appreciable  by  the  electro¬ 
meter  at  the  external  surface,  at  about  a  sixth  of  a  second  after  mechanical 
excitation,  the  excursion  attains  its  maximum  in  one  second,  and  that  its 
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return  occupies  about  the  same  time,  so  that  we  may  regard  two  seconds 
as  the  duration  of  the  whole  process  of  latent  stimulation.  We  have 
already  seen  that  the  mechanical  effect  of  excitation,  viz.  the  change  of 
form  of  the  leaf,  does  not  begin  until  at  least  two  seconds  and  a  half  after 
the  excitation  ;  consequently  it  may  be  concluded  that  in  every  instance 
the  electrical  effect  is  entirely  over  before  the  mechanical  effect  begins. 

Section  6. — Influence  of  Temperature. 

The  conspicuous  analogies  which,  throughout  our  investigations,  have 
presented  themselves  between  the  phenomena  of  excitation  in  the  leaf 
and  those  which  occur  in.  nerve  and  muscle,  rendered  it  of  great  import¬ 
ance  to  ascertain  whether  those  physical  agents  which  are  known  to  exer¬ 
cise  a  decisive  influence  on  the  excitation  process  in  animal  tissue  have 
a  similar  influence  on  that  in  the  plant.  This  subject  we  propose  to 
investigate  more  fully  next  season.  In  the  mean  time  we  submit  the 
results  of  two  experiments,  either  of  which  would  be  sufficient  to  show 
that  the  influence  of  temperature  on  the  plant  corresponds  completely 
with  what  is  known  as  to  its  effect  on  the  contractile  tissue  of  animals. 

In  each  case  a  leaf,  which  for  this  purpose  was  necessarily  detached 
from  the  plant,  was  investigated  at  the  ordinary  temperature  of  a  room, 
then  placed  for  twenty  minutes  in  a  chamber  warmed  to  45  C.,  and  then 
cooled  by  placing  a  block  of  ice  in  its  neighbourhood.  The  results  of  the 
chronometrical  comparison  of  its  condition,  under  these  circumstances, 
are  as  follows  : — 


Table  V. 

Time,  in  seconds,  after  excitation  of 


1 

Beginning 

of 

excursion. 

Maximum 

of 

excursion. 

End  of 
excursion. 

'I  ^dxa 

( Leaf  at  ordinary  temperature,  1 

18°-20°  C . j 

After  10  minutes  in  chamber . 

After  22  minutes  in  chamber . 

^  Cooled  5  minutes . 

0-22 

0T7 

0-12 

0-29 

0-86 

0-51 

042 

0-92 

Not  observed. 

99  99 

99  99 

99  9  9 

c7 

(  Leaf  at  ordinary  temperature  . . . 

023 

1-46 

2-2 

After  20  minutes  in  chamber . 

0-11 

0-79 

1-37 

Ph  i 

Cooled  5  minutes . 

044 

1-48 

31 

Cooled  20  minutes  . 

044 

1-68 

2-94 

A  CONTRIBUTION  TO  THE  HISTORY  OF  DEVELOP¬ 
MENT  OF  THE  GUINEA-PIG.  By  E.  A.  Schafer. 

( With  three  Plates.) 

The  mode  of  development  of  the  guinea-pig  must,  unless  the 
anomalies  are  in  some  way  satisfactorily  explained,  remain  one 
of  the  most  puzzling  problems  in  Developmental  History. 
Here  is  an  animal,  not  apparently  differing  in  any  material 
point  of  structure  from  other  mammals,  in  fact  so  closely  allied 
to  some  of  the  most  common  as  to  be  referred  by  the  zoologist 
to  the  Order  to  which  the  greater  number  of  existing  in¬ 
dividuals  of  the  Class  belong,  yet  presenting  in  its  mode  of 
development  a  total  reversal  of  those  relations  of  the  blasto¬ 
dermic  membranes  which  obtain,  without  so  far  as  is  known 
any  exception,  not  only  in  the  same  Class,  but  throughout 
the  whole  Animal  Kingdom.  It  is  true  that  the  fact  that  this 
difference  existed  has  been  announced  already  a  considerable 
number  of  years,  and  by  no  less  eminent  an  embryologist 
than  Bischoff1;  but  both  his  and  Reichert’s2  statements  on  the 
subject  were  long  suffered  to  remain  almost  unnoticed,  or 
perhaps  altogether  discredited.  But  by  aid  of  the  methods 
which  are  now  extensively  employed  of  making  sections  of 
embryos,  however  small  and  delicate,  any  observer  may  readily 
convince  himself  of  the  fact  that  in  the  guinea-pig,  from  quite 
an  early  stage  of  development,  the  epiblast — or  that  layer  of 
the  blastoderm  from  which  the  epidermis,  the  central  nervous 
system,  the  sense  organs  and  the  inner  layer  of  the  amnion  are 
developed — is  the  innermost  of  the  blastodermic  layers,  and  the 
hypoblast — or  the  layer  which  forms  the  epithelium  of  the 
alimentary  canal — is  the  outermost,  so  that  the  ordinary 
positions  of  these  two  layers  are  exactly  reversed.  In  view  of 
this  utterly  anomalous  aspect  of  affairs,  the  question  naturally 

1  Entwickelung  cles  Meerschweinchens ,  Giessen,  1852. 

2  Beitrdge  zur  Entwickl.  d.  Meerschw.  Berlin,  18G2. 
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suggests  itself,  Does  this  reversal  of  the  ordinary  conditions 
obtain  ab  initio  and  at  the  time  of  the  arrangement  of  the  cells 
into  distinct  layers  after  the  completion  of  segmentation,  or  is 
it  brought  about,  subsequently  to  the  arrangement  of  the  layers 
in  the  ordinary  position,  by  the  occurrence  in  some  way  or  other 
of  a  complete  turning  inside  out  of  the  blastodermic  vesicle? 
Of  the  latter  no  proof  has  yet  been  forthcoming,  although  it  has 
been  conjectured  by  Hensen1  that  an  involution  may  occur  soon 
after  the  formation  of  a  segmentation-cavity  and  before  the 
formation  of  definite  layers.  But  this  conjecture  rests  upon 
very  insufficient  foundation,  and  the  question  must  still  be 
considered  as  remaining  unsolved. 

The  ova,  which  are  the  subject  of  the  present  paper,  had 
arrived  at  a  stage  of  development  considerably  in  advance  of 
that  requisite  to  decide  this  particular  question,  but  their 
examination  has  nevertheless  yielded  several  facts  of  interest 
bearing  both  upon  the  unusual  conditions  of  development  met 
with  in  this  particular  animal,  and  on  the  larger  question  of 
the  mode  of  origin  of  some  of  the  earlier  formed  structures  in 
Mammalia,  and  perhaps  in  Vertebrates  generally.  The  ova 
were  two  in  number,  from  the  same  uterus,  and,  so  far  as  could 
be  judged,  were  in  exactly  the  same  stage  of  development. 
The  animal  from  which  the  embryos  were  obtained  was  killed 
with  a  different  object,  and  no  note  having  been  taken  of  its 
sexual  condition,  it  is  not  possible  to  state  their  exact  age, 
probably  about  13  or  11  days.  But  it  was  obvious  even  before 
the  organ  was  opened  that  they  must  be  at  a  very  early  stage  of 
development,  and  that  great  care  must  be  exercised  in  obtaining 
them  uninjured.  The  uterus  was  accordingly  placed  in  salt- 
solution,  and  the  muscular  coat  having  first  been  slit  open 
along  the  free  border,  the  mucous  membrane  was  carefully 
torn  away  bit  by  bit  with  forceps,  so  as  freely  to  expose  the 
small  vesicular  ova.  They  were  found  firmly  connected  to  the 
mucous  membrane  at  the  attached  border  of  the  uterus,  so  that 
to  remove  them  intact  without  disturbing  this  connexion,  it 
was  necessary  to  take  away  a  portion  of  the  uterine  wall  with 
them.  On  examining  them  thus  separated  with  a  low  power,  they 


1  Archiv  fiir  Anatomic  mid  Embryologie,  Yol.  i.  p..411. 
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were  seen  to  be  perfectly  spherical,  hollow  bodies,  about  ^ths 
of  an  inch  in  diameter,  closely  attached,  as  before  mentioned, 
at  one  pole  to  the  mucous  membrane  of  the  uterus,  and 
presenting  at  the  other  an  oval  thickening,  the  embryonic 
area  (Plate  I.  fig.  1).  From  one  end  of  this  a  solid  bud-like 
process  could  be  seen  projecting  for  a  short  distance  into  the 
interior  of  the  vesicle.  This  process,  which  on  a  cursory  glance 
would  probably  be  taken  for  the  head  of  the  embryo,  is,  in 
reality,  the  commencing  allantois.  The  head-rudiment  is  at 
the  opposite  end  of  the  oval  and  is  bounded  by  a  curved  fold — • 
the  anterior  limiting  fold  (fig.  2,  a.  l.f),  near  the  middle  of 
which  the  medullary  or  neural  groove  commences  (n.  g.),  and 
is  continued  backwards  along  the  greater  part  of  the  length  of 
the  embryo,  becoming  lost  at  the  posterior  part,  which  is  still 
occupied  by  the  remains  of  the  primitive  streak  (p.  s .)  and 
primitive  groove.  Yet  another  structure  could  be  made  out, 
by  careful  focussing,  in  the  shape  of  an  excessively  delicate, 
bulging  membrane  covering  that  surface  of  the  embryo  which 
is  turned  towards  the  interior  of  the  vesicle:  this  membrane 
is  the  amnion,  which  is  formed  from  the  first  as  a  completely 
closed  sac. 

A  sketch  having  been  made  of  these  appearances,  the  ova 
were  prepared  in  the  following  way.  One  was  placed  entire 
in  a  one-eighth  per  cent,  solution  of  chromic  acid.  Here  it 
was  left  three  days;  then  transferred  to  weak  spirit  (half  water) 
for  twenty-four  hours,  and  finally  placed  in  absolute  alcohol. 
From  the  other  ovum,  the  hemisphere  containing  the  embryonic 
thickening  was  separated  and  placed  in  1  per  cent,  osmic  acid 
solution,  while  the  remaining,  uterine  portion  was  put  with  the 
first  ovum  into  chromic  acid.  The  embryo,  after  having  been 
in  osmic  acid  for  three  hours,  was  transferred  to  water  for  an 
hour  and  then  placed  in  glycerine.  Plate  I.  Fig.  2  is  a  drawing 
of  this  embryo  viewed  with  a  binocular  microscope  under  a 
power  of  about  thirty  diameters,  from  the  surface  which 
originally  looked  inwards. 

After  having  been  studied  as  carefully  as  possible  intact, 
both  were  cut  into  sections:  the  one  hardened  in  chromic 
acid  being  used  for  the  production  of  longitudinal  sections,  the 
other  for  transverse. 
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To  obtain  thin  and  complete  sections  of  these  exceedingly  small 
and  delicate  objects  the  following  method  was  adopted.  The  embryo 
was  first  placed  for  twenty-four  hours  in  staining  fluid.  For  the  one 
hardened  in  chromic  acid  an  alcoholic  solution  of  magenta  was  em¬ 
ployed,  and  when  stained  the  embryo  was  transferred  directly  to  oil 
of  cloves.  The  one  that  had  been  in  osmic  acid  and  glycerine  was 
put  into  Kleinenberg’s  logwood  and  subsequently  passed  through 
absolute  alcohol  to  oil  of  cloves.  From  oil  of  cloves  the  embryos 
were  transferred  to  cacao-butter,  which  was  kept  just  melted,  and 
they  were  allowed  to  lie  in  this  for  an  hour,  $o  that  they  should 
become  completely  permeated  by  it.  They  were  then  placed,  with  a 
little  of  the  melted  cacao  butter,  in  a  cavity  scooped  out  in  a  cake  of 
the  same  substance.  When  the  cacao-butter  which  permeates  and 
surrounds  the  embryo  has  completely  set,  sections  may,  without  any 
great  difficulty,  be  made  of  extreme  thinness:  as  so  obtained  they 
are  placed  in  a  drop  of  oil  of  cloves  on  a  slide.  This  slowly  dissolves 
the  cacao-butter  and  leaves  the  section  free  to  be  mounted  in  dammar 
varnish.  Some  of  the  sections  of  the  embryo  which  had  been  treated 
with  osmic  acid  were,  for  the  sake  of  greater  distinctness,  mounted 
in  glycerine.  For  this  it  was  necessary,  after  dissolving  out  the 
cacao-butter  with  oil  of  cloves  in  the  manner  just  mentioned,  to 
transfer  the  section  to  spirit  before  placing  it  on  a  slide  in  a  drop  of 
glycerine. 


Condition  of  the  blastodermic  layers  as  shown  by  longitudinal 

sections. 

The  longitudinal  sections  show  very  clearly  the  general 
relations  of  the  blastodermic  layers  and  the  mode  in  which  the 
amnion  and  allantois  are  formed.  It  is  only  those  which  have 
been  taken  in  or  near  the  longitudinal  axis  that  are  of  any 
particular  value.  A  section  made"  close  to  this  axis,  but  not 
actually  corresponding  with  it  (i.  e.  running  just  along  the 
side  of  the  medullary  groove,  but  not  along  its  middle),  is 
represented  in  Plate  I.  fig.  3.  Here  the  epiblast  (e.)  is  seen 
to  form  a  completely  closed,  flattened  ring,  much  thickened  at 
the  exterior  part,  where  it  is  composed  of  the  elongated 
columnar  cells  which  are  characteristic  of  the  developing  central 
nervous  system,  and  thinning  off  gradually  at  either  end, 
where  it  passes  round  internally  to  form  the  inner  layer  of 
the  amnion.  The  hypoblast  (k.)  covers  and  encloses  the  blas¬ 
toderm,  of  which  it  forms  the  outermost  layer.  It  is  composed 
of  a  single  layer  of  columnar  or  cubical  cells,  many  of  which 
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exhibit  large  vacuoles,  and  it  is  prolonged  around  the  vesicular 
ovum  as  far  as  the  base  of  attachment  to  the  uterus ;  its 
relations  here  will  be  subsequently  considered.  The  mesoblast 
(ra.)  lies  between  the  hypoblast  and  the  epiblast.  At  the  edge 
of  the  embryonic  area  it  splits  into  two  parts.  One  of  these 
(m)  passes  inwards  to  form  an  outer  layer  to  the  amnion,  the 
other  (in')  accompanies  the  hypoblast  round  the  ovum  as  far 
as  the  attachment  to  the  uterus.  The  amniotic  mesoblast  is 
simply  a  layer  of  flattened  cells,  fusiform  in  section ;  the  parietal 
mesoblast  consists  of  a  complete  layer  of  similar  epithelioid 
cells  internally,  and  of  a  number  of  fusiform  and  branched 
cells  (connected  together,  and  undergoing  development  into 
blood-vessels  and  contained  blood-corpuscles)  lying  between 
the  epithelioid  layer  and  the  hypoblast. 

Between  the  amniotic  and  parietal  mesoblast  is  a  large 
cavity,  which  in  fact  occupies  the  greater  part  of  the  interior 
of  the  ovum.  It  will  be  seen  that  the  external  wall  of  this 
cavity  is  formed  by  a  layer  of  hypoblastic  cells,  and  by  what 
I  have  termed  the  parietal  mesoblast.  It  is  shown  in  section, 
at  a  part  where  no  blood-vessels  are  as  yet  developed  in  it  in 
fig.  4,  where  h.  is  the  hypoblast,  m.e.  the  epithelioid  layer  of 
the  mesoblast,  and  m.v.  some  of  the  intermediate  mesoblastic 
cells,  which  are  probably  afterwards  to  undergo  transformation 
into  blood-vessels.  In  fig.  5,  on  the  other  hand,  a  portion  is 
represented  as  seen  on  the  flat  with  the  hypoblastic  layer 
removed.  At  this  place  the  development  of  blood-vessels  and 
blood-corpuscles  is  much  more  advanced.  The  formation  of 
these  appears,  from  a  comparison  of  parts  in  which  different 
stages  of  development  are  exhibited,  to  be  effected  in  the 
following  manner: — The  intermediate  mesoblastic  cells  unite 
into  a  large-meshed  network,  the  nuclei  at  the  same  time 
becoming  multiplied.  At  the  nodes  the  multiplication  of  the 
nuclei  goes  on  with  much  greater  rapidity  than  elsewhere,  so 
that  a  little  thickened  clump  is  formed  at  these  places.  These 
nuclei  become  rounded  and  tinged  with  haemoglobin,  and  are 
transformed  into  the  embryonic  blood-corpuscles,  the  nucleoli 
forming  the  so-called  nuclei  of  those  bodies.  A  cavity  subse¬ 
quently  forms  in  which  the  corpuscles  are  then  seen  to  lie,  and 
it  soon  extends  into  the  cords  of  the  network. 
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The  mode  of  formation  appears  therefore  to  be  somewhat 
similar  to  that  described  by  Balfour  in  the  chick1. 

At  the  posterior  end  of  the  embryo  a  bud-like  thickening 
of  the  mesoblast  [all.)  projects  down  into  the  large  cavity  above- 
described.  This  is  the  commencing  allantois.  Blood-vessels 
are  already  developing  in  it,  but  it  receives  as  yet  no  pro¬ 
longation  of  the  hypoblast:  it  consists  entirely  of  mesoblastic 
tissue. 

The  section  represented  in  fig.  3  passes,  as  before  mentioned,  on 
one  side  of  the  middle  line  of  the  embryo.  The  representation  of  a 
section  passing  exactly  along  the  middle  of  the  medullary  groove 
would  have  had  an  entirely  different  appearance  except  at  the  ends. 
For  in  the  axis  of  the  embryo  there  is  no  mesoblast;  the  epiblast 
and  hypoblast  come  into  contact  and  at  one  place  are  entirely  fused 
together.  This  condition  of  the  axial  parts  of  the  blastodermic 
layers  is  diagrammatically  shown  in  Plate  hi.  fig.  5;  but  will  be 
better  understood  after  the  appearances  which  the  transverse  sections 
exhibit  have  been  described. 


Condition  of  the  blastodermic  layers,  as  shown  by  transverse 

sections. 

a.  Region  of  the  allantoid  projection. — At  the  posterior  part 
of  the  embryo,  in  the  region  of  the  allantoid  projection,  two  only 
of  the  blastodermic  layers  are  seen — the  hypoblast  and  meso¬ 
blast.  The  mesoblast  forms  a  strongly  marked  thickening,  com¬ 
posed  entirely  of  the  loosely  arranged  cells  which  are  character¬ 
istic  of  the  middle  layer,  with  numerous  hollowed-out  spaces 
and  canals  amongst  the  cells.  These  spaces  and  canals  are  the 
developing  blood-vessels  above-mentioned,  but  at  present  they 
have  no  blood-corpuscles  in  their  interior,  differing  thus  from 
the  blood-vessels  which  are  forming  in  the  parietal  mesoblast 
(see  p.  5),  and  agreeing  with  certain  vessels,  afterwards  to  be 
noticed,  which  are  developing  in  the  mesoblast  of  the  anterior 
region  of  the  embryo.  The  hypoblast  is  formed  of  a  single  layer 
of  the  large,  columnar,  vacuolated  cells  previously  described : 
it  passes  smoothly  over  the  mesoblast  without  extending  at  all 
into  the  allantoid  projection. 


1  Quart.  Journal  of  Micr.  Science ,  1873, 
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b.  At  the  kinder  end  of  the  epiblastic  or  amniotic  vesicle. 
Region  of  the  primitive  groove. — As  was  clearly  stated  by 
BischofF,  the  epiblast  forms  a  distinct  closed  vesicle  at  that  pole 
of  the  ovum  which  is  farthest  from  the  attachment  to  the  uterus 
(Plate  hi.  fig.  5,  e.  v).  The  vesicle  is  of  an  elongated  lenticular 
shape,  its  roof  or  embryonic  part1  being  composed  of  character¬ 
istic  epiblastic  cells,  two  or  three  deep  near  the  mesial  line  but 
thinning  off  towards  the  sides ;  its  floor  of  but  a  single  stratum 
of  flattened  cells,  fusiform  in  section,  and  in  contact  below  with 
a  similar  layer  of  mesoblastic  cells ;  the  two  together  forming, 
as  seen  already  in  the  longitudinal  sections  (Plate  I.  fig.  3), 
the  amnion,  am.  At  the  hinder  end  of  this  vesicle  the 
epiblast  therefore  first  makes  its  appearance  in  the  trans¬ 
verse  sections,  forming  a  closed  ring  (Plate  n.  fig.  1).  The 
lower  part  of  the  ring  is  a  simple  layer  of  flattened  cells — the 
amniotic  epiblast ;  from  the  margin  of  this  the  epiblast  gradually 
becomes  thicker  as  it  is  traced  inwards,  and  at  the  centre  of 
the  upper  part  of  the  ring,  corresponding  with  the  axis  of  the 
embryo,  there  is  a  distinct  indentation,  the  section  of  the  primi¬ 
tive  groove,  p.  g.  At  the  groove,  the  epiblast,  much  thickened 
and  composed  of  closely  packed  small  rounded  cells,  extends 
towards  the  hypoblast,  and  on  either  side  is  continued  into  the 
mesoblast.  According  to  the  ordinary  mode  of  viewing  the 
relations  of  the  blastodermic  layers  in  this  region  it  might  be 
stated  that  the  epiblast  and  mesoblast  become  fused  together 
opposite  the  primitive  groove,  but,  as  will  immediately  be 
pointed  out,  the  tissue  which  extends  from  the  primitive  groove 
to  the  hypoblast  must,  strictly  speaking,  be  looked  upon  as  purely 
epiblastic,  and  it  is  only  on  either  side,  and  probably  also  pos¬ 
teriorly,  that  there  is  a  continuation  of  this  epiblast  into  the  me¬ 
soblast.  The  appearances  observed  can  best  be  explained  on  the 
supposition  of  the  formation  of  the  mesoblast  by  an  outgrowth 
from  the  axial  thickening  of  the  epiblast.  This  supposition, 
which  nearly  coincides  with  the  view  recently  enunciated  by 
Kolliker  as  to  the  development  of  the  middle  layer  of  the  blas¬ 
toderm,  is  strengthened  by  observations  which  I  have  myself 
made,  and  which  will  afterwards  be  referred  to.  The  hypoblast, 

1  The  guinea-pig  embryo  being,  if  one  may  so  speak,  developed  upside 
down,  the  language  of  the  description  is  modified  accordingly. 


8 


MB  SCHAFER, 

in  sections  from  this  region,  forms  as  before,  a  simple  layer, 
easily  becoming  detached,  and  composed  throughout  of  a  single 
stratum  of  flattened  cells. 

c.  Region  immediately  in  front  of  the  primitive  groove. — A 
little  in  advance  of  the  part  from  which  the  section  just  described 
is  taken  the  primitive  groove  disappears,  and  is  succeeded  by 
a  region  in  which  there  is  a  slight  thickening  in  the  middle 
line,  the  thickening  being  bounded  by  a  shallow  groove  on 
either  side,  and  terminating  anteriorly  by  a  pointed  extremity, 
the  lateral  grooves  at  the  same  time  converging  and  uniting  to 
form  the  medullary  or  neural  groove.  The  axial  thickening  is 
what  remains  of  the  anterior  end  of  the  primitive  streak,  and  it 
is  here  that  in  the  successive  sections  a  very  remarkable  change 
can  he  traced  in  the  relations  of  the  blastodermic  layers. 

In  the  posterior  part  of  the  region  in  question  the  layers 
have  the  same  relation  the  one  to  the  other  as  in  the  region  of 
the  primitive  groove  (Plate  II.  figs.  2  and  3).  The  hypoblast 
passes  over  the  others  as  a  distinct,  easily  separable  membrane, 
composed  of  flattened  cells ;  the  axial  epihlast  presents  a 
considerable  thickening,  which  reaches  the  hypoblast  without 
blending  with  it,  and  is  continued  without  any  distinct  line  of 
demarcation  into  the  mesoblastic  tissue  on  either  side.  But 
the  axial  tissue  is  now  obviously  epiblastic  in  appearance,  in 
spite  of  its  connexion  with  the  epihlast  being  rather  more 
limited  than  in  the  previous  sections.  And  a  very  little  way 
further  in  advance  (fig.  4)  a  line  of  demarcation  begins  to  be 
traceable  between  it  and  the  mesoblast  on  either  side — on  the 
one  side  apparently  a  trifle  sooner  than  on  the  other,  so  that  in 
the  succeeding  sections  (fig.  5,  PI.  II. ;  fig.  1,  PI.  hi.)  there  is 
no  longer  any  connexion  between  the  two  layers,  the  meso¬ 
blast  being  sharply  marked  off  on  either  side  from  the  axial 
thickening  of  the  epihlast.  It  is  seen,  however,  that  the  same 
axial  thickening  with  which  in  the  posterior  sections  the  meso¬ 
blast  was  continuous  on  either  side,  and  from  which  it  is  pro¬ 
bable,  as  before  mentioned,  that  the  mesoblast  was  formed  by 
lateral  outgrowth  and  expansion,  now  not  only  comes  into  close 
connexion  with,  but  is  actually  fused  with  the  hypoblast  (fig.  1, 
Pl.  ill.),  which  at  this  place  no  longer  easily  falls  away  from 
the  other  layer  as  before,  but  is  not  even  separable  by  mechani- 
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cal  traction.  The  axis  of  the  embryo,  therefore,  is  here  occupied 
by  a  continuous  column  of  cells  (/),  which  inseparably  connect 
the  epiblast  and  hypoblast,  and,  traced  from  behind  forwards, 
would  appear  to  be  chiefly  of  epiblastic  origin.  They  are  small, 
round,  and  closely  packed,  and  become  stained  strongly  with 
hsematoxylin.  They  have  obviously  no  longer  any  connexion 
with  the  well-characterized  mesoblastic  tissue  on  either  side. 

Examined  yet  a  little  more  anteriorly  (PL  II.  figs.  6  and  7), 
the  fused  axial  column  is  somewhat  broader,  and  at  either  side, 
immediately  opposite  or  above  the  rootlets  of  the  neural  groove, 
a  faint  line  of  demarcation  is  beginning  to  be  traceable  be¬ 
tween  epi-  and  hypo-blast  (fig.  7).  But  quite  in  the  middle 
line  the  fusion  is  still  complete,  and  there  is  here  seen  in  the 
sections  a  nest  of  small  cells  (fig.  2,  Plate  III.)  not  readily  as¬ 
signable  to  either  epi-  or  hypo-blast,  but  bounded  laterally  by 
the  differentiated  parts  of  both.  This  central  group  of  cells 
I  was  at  first  inclined  to  regard  as  forming  the  rudiment  of  the 
notochord,  and  indeed  this  may  after  all  prove  a  correct  sup¬ 
position.  But  considering  that  most  previous  observers  describe 
the  development  of  the  notochord  as  commencing  at  the 
anterior  end  of  the  embryo  and  proceeding  backwards,  whereas 
according  to  the  other  view  it  would  be  necessary  to  assume 
for  the  chorda  a  growth  forwards  underneath  the  neural  groove 
from  the  end  of  the  primitive  streak;  considering  also  that 
nearly  ail  the  more  recent  observations1  point  to  the  con¬ 
clusion  that  the  notochord  arises  from  a  thickening  of  the 
hypoblast  simply  without  participation  of  epiblast  (or  of  meso- 
blast),  it  would  seem  on  the  vThole  a  more  rational  view  to 
regard  the  group  in  question  as  a  portion  of  the  fused  axial 
column,  the  cells  of  which  by  a  continuation  from  each  side 


1  Balfour,  ‘Development  of  Elasmobrancli  Fishes,’  in  Quarterly  Journal  of 
Microscopical  Science,  Oct.  1874,  and  in  Journal  of  Anatomy,  July,  1876,  p.  688  ; 
and  Hensen,  Entivickelung  des  Kaninchens  und  Meerschweinchens,  in  Zeitschr.  f. 
Anatomie  u.  Entivickelungsgeschiclite,  Bd.  i.  Kolliker  (Entwickelungsgeschichte : 
2te  Auflage)  adopts,  it  is  true,  a  different  view  of  the  development  of  the 
notochord  from  that  of  Balfour  and  Hensen,  ascribing  to  it  a  mesoblastic  origin ; 
but  regarding  merely  the  delineations  he  gives  of  his  own  preparations,  it  is 
difficult  to  understand  how  the  inferences  drawn  from  them  could  have  differed 
so  materially  from  the  statements  of  the  other  observers.  Dr  A.  Schulz  in  a 
paper  received  since  the  above  description  was  written  (Arch.  f.  Micr.  Anat. 
Bd.  xiii.  Heft  1)  describes  a  complete  fusion  of  epiblast  and  hypoblast  in 
Elasmobranchs  and  connects  the  fusion  with  the  origin  of  the  notochord. 

1—5 
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of  the  line  of  demarcation  above  mentioned  will  eventually 
belong  to  one  or  other  of  the  two  layers  (epi-  or  hypo-blast). 

Assuming  then  that  the  axial  fusion  of  epiblast  and  hypo¬ 
blast  in  this  region  of  the  embryo  has  some  other  meaning  than 
the  formation  of  the  notochord,  the  purpose  which  it  may  sub¬ 
serve  is  by  no  means  clear.  Traced  backwards  the  fused  axial 
tract  is  no  doubt  continuous  in  great  part  with  the  epiblastic 
thickening  from  which  the  mesoblast  appears  to  grow,  and  it 
might  be  supposed  that  in  this  way  hypoblastic  elements  may 
concur  with  the  epiblastic  in  the  formation  of  the  mesoblast. 
But  it  must  at  the  same  time  be  borne  in  mind  that  at  the 
part  where  the  fusion  of  epiblast  and  hypoblast  is  complete, 
there  remains  no  connexion  whatever  between  the  axial  column 
and  the  mesoblast. 

d.  Region  of  the  neural  groove  or  groper  embryonic  region.— 
Immediately  in  front  of  the  part  just  considered,  the  neural 
groove  (PI.  II.  fig.  8 ;  PL  hi.  fig.  3,  n.  g.)  begins  to  make  its 
appearance  in  the  middle  line  as  a  wide  shallow  depression 
formed  by  the  blending  of  the  two  grooves  which  were  seen 
one  on  either  side  of  the  axial  prominence  of  the  preceding 
region.  Here  the  differentiation  of  the  epiblast  and  hypoblast 
is  complete,  and  there  is  a  distinct  straight  line  of  demarca¬ 
tion  between  the  two  layers,  which  are  nevertheless  in  close 
contact,  and  continue  so  along  the  whole  extent  of  the  neural 
groove.  The  mesoblast  on  the  other  hand  remains  as  before 
completely  marked  off  on  either  side  of  the  region  of  contact 
of  epi-  and  hypo-blast ;  there  is  no  mesoblast  whatever  in  the 
axis  of  the  embryo. 

Following  the  sections  forwards  more  and  more  (PL  II.  figs.  9, 
10,  11)  we  find  the  neural  groove  becoming  gradually  deeper 
and  narrower,  and  the  epiblast  which  bounds  it  considerably 
increased  in  thickness.  Where  it  passes  over  the  lateral  sheets 
of  mesoblast  the  epiblast  is  about  two  or  three  cells  deep,  and 
maintains  its  characteristic  appearance,  but  quite  at  the  side 
it  becomes  thinner  and  is  diminished  eventually  to  a  single 
layer  of  cells,  which,  becoming  shorter  and  more  flattened, 
pass  round  to  form  the  inner  layer  of  the  amnion  (as  seen 
before  in  the  longitudinal  section). 

In  the  sections  of  the  anterior  part  of  the  embryonic  region 
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(fig.  11,  PI.  ii.)  the  epiblast  on  either  side  is  seen  to  be  separated 
at  one  place  by  (coagulated)  fluid  from  the  mesoblast1.  This 
appearance  corresponds  with  that  previously  seen  in  the  surface 
view  of  the  embryo  (PI.  I.  fig.  2,  a.l.f .),  and  which  was  there 
termed  the  anterior  limiting  fold  of  the  blastoderm.  It  is  com¬ 
posed  wholly  of  epiblast  without  any  mesoblastic  tissue. 

The  axial  hypoblast  (PL  in.  figs.  3,  4,  a.  h.)  consists  of  a 
single  layer  of  columnar  cells  not  very  unlike  the  epiblastic 
cells  (a.  e.)  with  which  they  are  in  contact  (or  nearly  so).  At 
the  posterior  part  of  the  embryonic  region  the  layer  is  thickest, 
and  it  gradually  becomes  thinner  as  the  sections  are  followed 
forwards,  but  the  cells  keep  their  columnar  character  along 
almost  the  whole  extent  of  the  neural  groove.  They  are 
bounded  above  and  below  by  even  lines ;  but  at  the  sides  the 
hypoblast  curves  upwards  to  enclose  the  mesoblast,  forming 
an  angle  with  the  axial  part,  and  the  columnar  cells  become 
gradually  shortened  into  the  ordinary  flattened  hypoblastic  cells. 
This  angle  is  partly  occupied  by  a  group  (as  seen  in  section)  of 
two  or  three  small  flattened  cells  which  extend  a  short  distance 
over  the  axial  part  of  the  hypoblast  (Plate  Hi.  fig.  4,  a.  Ji).  The 
arrangement  of  the  hypoblast  is  on  the  whole  very  similar  to 
that  described  by  Balfour2  in  Elasmobranch  fishes  as  the  first 
stage  which  the  hypoblast  passes  through  when  about  to  give 
origin  to  the  notochord,  and  it  is  possible  that  the  thickening 
of  the  axial  hypoblast  in  the  guinea-pig  embryo  may  have 
a  similar  object.  But  Balfour  describes  the  thickening  in 
Elasmobranchs  as  being  most  marked  anteriorly,  whereas  in 
this  case  the  hypoblast  is  thicker  at  the  posterior  part.  With 
the  exception  of  this  axial  thickening  of  the  hypoblast,  which 
may  or  may  not  be  concerned  with  the  formation  of  a  noto¬ 
chord,  there  is  no  trace  of  such  a  structure  to  be  seen.  The 
hypoblast  passes  round  at  the  sides,  in  the  manner  already 
described,  to  form  the  external  investment  of  the  ovum. 

The  mesoblast  along  the  whole  extent  of  the  neural  region 
is  completely  differentiated  from  the  other  two  layers,  and 


1  This  fluid  is  in  reality  collected,  not  between  the  epi-  and  meso-blast,  but 
between  the  epiblast  and  a  homogeneous  membrane,  which  in  other  parts  is  in 
close  contact  with  the  epiblast  and  limits  it  towards  the  mesoblast. 

2  Loc.  cit. 


12 


ME  SCHAFER, 


quite  characteristic  in  appearance.  The  lateral  sheets  are 
separated  throughout  from  one  another  by  the  junction  of 
epiblast  and  hypoblast  at  the  neural  groove.  The  mesoblast 
forms  an  unbroken  layer  on  each  side  as  far  as  the  attachment 
of  the  amnion,  where  it  splits  into  two,  as  before  described,  one 
following  the  epiblast  over  the  amnion,  the  Other  lining  the 
parietal  hypoblast.  The  cells  of  the  mesoblast  are  much  more 
loosely  and  irregularly  arranged  than  those  of  the  other  two 
layers,  and  they  appear  many  of  them  to  possess  fine  branches. 

Two  variations  from  the  general  uniformity  of  appearance  of 
this  layer  may  be  noticed.  One  of  these  consists  in  a  much 
looser  condition  of  the  tissue,  with  small  clear  round  spaces, 
like  those  seen  in  the  sections  of  the  allantois.  This  appear¬ 
ance  is  to  be  seen  in  sections  from  near  the  middle  of  the 
embryo  at  a  part  of-  the  mesoblast  a  short  distance  from  the 
axis  and  quite  close  to  the  hypoblast.  It  is  perhaps  a  place 
where  blood-vessels  are  becoming  developed. 

The  other  appearance  is  observed  near  the  anterior  end  of 
the  embryo,  quite  at  the  sides,  and  in  a  part  where  the  meso¬ 
blast  is  only  about  two  layers  of  cells  thick.  A  split  begins  to 
appear  here  between  the  mesoblastic  cells.  Traced  forwards  in 
the  sections  the  split  (which  is  bridged  across  by  fine  threads) 
widens  out  to  a  fusiform  cleft  (P1.il  fig.  11,  sp),  and  still  further 
forwards  it  becomes  (sooner  on  one  side  than  on  the  other) 
a  well-defined  comparatively  large,  clear,  circular  aperture  (sp), 
bounded  by  a  layer  of  cubical  cells.  It  is  impossible  to  speak 
with  certainty  as  to  the  nature  of  the  canals  which  are  thus 
becoming  formed,  but  it  seems  probable  that  they  are  the  com¬ 
mencing  omphalo-mesaraic  heart-rootlets. 

Quite  at  the  anterior  end  of  this  region  the  neural  groove 
becomes  abruptly  shallow  and  then  ceases.  Just  before  its 
complete  disappearance  there  is  a  folding  or  pitting  inwards  of 
all  the  layers  (Plate  n.  fig.  13),  but  even  here  there  is  still  no 
mesoblast  at  the  axial  part. 

e.  In  the  region  altogether  anterior  to  the  neural  groove  the 
three  lajmrs  are  to  be  seen  at  the  axis  as  elsewhere,  the  meso¬ 
blast  having  united  across  the  middle  line  (PL  II.  fig.  14).  A 
little  way  in  front  of  the  groove  there  is  a  slight  thickening 
of  the  epiblast  on  each  side,  passing  in  more  anterior  sections 
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into  a  median  prominence,  but  this  soon  disappears,  and  the 
layers  are  smooth  over  the  small  remainder  of  the  region  covered 
bv  the  amnion. 

« j 


General  considerations  as  to  the  relations  of  the  blastodermic 
layers.  Meaning  of  the  primitive  groove. 

Professor  His,  in  his  large  work  on  the  development  of  the  chick, 
described  the  two  primary  layers  of  the  blastoderm — the  epiblast  and 
hypoblast — both  before  and  also  a  short  time  after  the  formation  of 
the  mesoblast,  as  closely  united  in  the  mesial  line  of  the  blastoderm 
into  a  longitudinal  mass  of  cells  (chiefly  derived  from  the  epiblast), 
to  which  he  gave  the  name  of  Axenstrang  (axis  cord)1.  It  is  this 
uniting  mass  running  along  the  longitudinal  axis  of  the  blastoderm 
which,  according  to  His,  produces  the  appearance  of  a  dim  streak 
down  the  middle  of  the  area  pellucida,  which  has  long  been  known 
as  the  primitive  streak,  but  to  which  His  applied  the  term  Axen- 
streif.  At  a  somewhat  later  stage,  when  the  primitive  groove  has 
become  formed  along  the  centre  of  this  streak  in  the  posterior  part  of 
the  blastoderm,  it  is  seen  that  the  Axenstrang  is  prolonged  for  a 
certain  distance  in  front  of  the  primitive  groove.  This  prolongation 
is  termed  by  His  the  anterior  axial  process  ( Axenfortsatz ).  As  it  is 
traced  forwards  the  connexion  between  epiblast  and  hypoblast  be¬ 
comes  severed,  or,  as  stated  by  His,  the  Axenstrang  becomes  de¬ 
tached  from  the  epiblast  and  continued  into  the  central  thickened 
part  of  the  hypoblast. 

The  view  of  His,  with  regard  to  the  union  of  epiblast  and 
hypoblast  in  the  middle  line,  has  not  been  adopted  by  other  ob¬ 
servers,  with  the  exception  of  Waldeyer2.  The  term  Axenstrang  has 
served,  when  used  at  all  by  others,  to  denote  the  part  of  the  mesoblast 
which  is  fused  in  the  middle  line  with  the  epiblast,  or,  as  Kolliker 
puts  it,  the  thickening  of  the  axial  epiblast  from  which  the  mesoblast 
is  produced,  and  it  has  for  the  most  part  been  altogether  denied 
that  the  hypoblast  takes  any  part  in  its  production.  An  attempt 
has  even  been  made  to  refer  the  observations  of  His  as  to  the 
existence  of  a  blending  of  the  epi-  and  hypo-blast  to  faulty  methods 
of  preparation3,  but  an  argument  of  this  sort  can  hardly  be  permitted 
easily  to  nullify  the  matter-of-fact  statements  of  an  experienced 
observer.  For  the  rest,  the  illustrations  given  by  His  are  obviously 
faithful  representations  of  the  objects,  as  Kolliker  himself  seems  dis¬ 
posed  to  admit,  and  in  this  respect  there  is  very  little  wanting  in 

1  See  also  Kathke  (quoted  by  His),  Entwickl.  d.  Wirbelthiere ,  p.  20. 

2  Waldeyer,  Ueber  d.  Keimbldtter  u.  d.  Primitivstreifen  bei  der  Entwickl.  des 
HUhner  embryo,  Zeitschr.  f.  rat.  Med.  1869. 

3  Kolliker  (loc.  cit.  page  102)  ascribes  the  results  to  the  employment  of 
osmie  acid  ;  whereas  Balfour  ( Quarterly  Journal ,  1874,  p.  341)  lauds  this  reagent 
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the  clearness  with  which  in  some  of  the  sections  the  blending  of  the 
epi-  and  hypo-blast  in  the  Axenstrang  is  shown  \ 

The  prolongation  of  the  primitive  streak  in  front  of  the  primitive 
groove  (the  Axenfortsatz  of  His)  was  observed  first  by  Dursy,  and  has 
since  been  noticed  more  particularly  by  Waldeyer,  Gotte,  and  Kolli- 
ker2.  By  all  it  is  regarded  either  as  the  anterior  part  of,  or  as  a 
growth  forwards  of,  the  primitive  streak  (or  rather  the  thickening  to 
which  the  appearance  of  a  primitive  streak  is  due),  and  the  first 
three  of  the  above-mentioned  observers  refer  to  it  the  production  of 
the  notochord  (cephalic  part,  Waldeyer).  Kolliker,  on  the  other 
hand,  who  terms  it  the  cephalic  process  ( Kopf-fortsatz )  of  the  primi¬ 
tive  streak,  is  of  opinion  that  it  plays  an  important  part  in  the 
formation  of  the  head  of  the  embryo,  but  is  by  no  means  clear  with 
regard  to  its  precise  destination.  He  regards  it  as  a  part  of  the 
mesoblast,  and,  like  the  rest  of  that  layer,  a  product  of  the  primitive 
streak,  but  is  compelled  to  admit  that,  as  Gotte’s  delineations  also 
clearly  show,  it  is  differentiated  off  from  the  mesoblast  on  either 
side. 

What  then  is  to  be  inferred  from  a  consideration  of  these  various 
statements,  especially  with  reference  to  the  nature  of  the  fused  tract 
of  axial  epiblast  and  hypoblast  in  the  guinea-pig  embryo  ?  It  must, 
in  the  first  place,  be  pointed  out  that  His  has  confounded  two  dis¬ 
tinct  appearances  under  the  name  of  Axenstrang ,  as  a  reference  to  his 
figures  plainly  shows.  He  applies  the  term  both  to  the  fusion  of 
epiblast  and  hypoblast  which  first  occurs,  and  to  the  fusion  of  epi¬ 
blast  and  mesoblast  which  is  represented  as  subsequently  taking 
place.  Other  observers  have  confined  the  term  to  the  latter  con¬ 
dition,  and  have  altogether  denied  the  former.  I  have  already  given 
reasons  why  credence  should  be  awarded  also  to  the  existence  of  this 
former  condition.  And  the  probability  of  such  fusion  at  an  early 
period  is,  in  my  opinion,  strengthened  by  the  existence  of  a  similar 
condition  in  front  of  the  primitive  groove  in  the  embryo  here 
described. 

Owing  to  the  existence  of  this  confusion  of  terms  it  is  not  easy 
to  assign  exact  limits,  either  as  regards  time  or  place,  to  the  occur¬ 
rence  of  the  two  tracts  of  fusion  respectively.  If,  as  is  most  pro¬ 
bable,  the  epi-hypoblastic  fusion  occurs  first,  the  following  may  be 
taken  to  be  the  order  of  the  early  changes  undergone  by  the  blasto¬ 
derm  (starting  with  two  distinct  primary  layers,  epiblast  and  hypo¬ 
blast).  1.  Fusion  of  the  two  layers  over  a  limited  tract  near  the 


as  showing  in  a  distinct  manner  the  line  of  separation  between  the  two  layers, 
and  condemns  chromic  acid  specimens,  the  examination  of  which  “might  pos¬ 
sibly  lead  to  the  supposition  that  a  structure  similar  to  that  which  has  been 
called  the  axis-cord  was  present.” 

1  In  some  of  the  deductions  drawn  by  His,  the  same  confidence  cannot  so 
freely  be  placed  as  in  his  delineations ;  for  example,  in  the  statements  as  to  the 
formation  of  the  mesoblast,  and  as  to  the  development  of  the  proto  vertebrae, 
chorda  and  other  parts  from  the  Axenstrang. 

2  Gotte,  Archiv  f.  Micr,  Anat.  Yol.  x.  1874 ;  Dursy,  Der  Primitivstreif  des 
Huhnchens ,  1867;  Kolliker,  loc.  cit.  pp.  107,  135;  Waldeyer,  loc.  cit. 
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centre.  2.  Thickening  and  depression  of  the  epiblast  behind  this 
tract  (primitive  streak  and  groove)  and  (a  little  later)  also  in  front 
of  it  (neural  groove).  3.  Lateral  outgrowth  of  mesoblast  from 
thickened  epiblast  of  primitive  groove.  4.  Spreading  of  mesoblast 
over  the  whole  blastoderm  between  epi-  and  hypo-blast  (except  under¬ 
neath  neural  groove).  If,  on  the  other  hand,  the  epi-hypoblastic 
fusion  takes  place  at  a  subsequent  stage  the  changes  the  blastoderm 
undergoes  would  be  as  follows  : — 1.  Thickening  and  depression  of 
epiblast  along  the  middle  line  in  the  posterior  part  of  the  blastoderm 
(primitive  streak  and  groove).  2.  Lateral  outgrowth  of  mesoblast 
from  thickened  epiblast  of  primitive  groove.  3.  Fusion  of  thickened 
epiblast  with  hypoblast  at  anterior  part  of  primitive  groove.  4.  Be- 
differentiation  of  axial  epiblast  and  hypoblast  from  the  fused  tissue, 
and  formation  of  neural  groove,  the  fusion  and  re-differentiation  going 
on  constantly  from  before  backwards.  According  to  Bathke,  His,  and 
Waldeyer,  the  epi-hypoblastic  fusion  exists  from  the  beginning,  but 
this  is  doubtful1,  and  it  is  also  unlikely  that  it  produces  the  whole 
of  the  primary  axial  shadow  known  as  the  primitive  streak,  as  believed 
by  His.  For,  at  any  rate,  it  is  found  that  as  soon  as  the  primitive 
groove  makes  its  appearance,  the  mass  of  cells  which  lies  below  the 
groove  is  a  thickening  of  the  epiblast,  continuous  on  either  side  with 
commencing  mesoblast  (commencing  mesoblast  fused  in  the  middle  line 
with  epiblast,  as  described  by  most  authors),  and  has  no  connexion 
whatever  with  the  hypoblast.  But  in  the  guinea-pig  embryo,  as  we 
have  seen,  the  deeper  part  of  this  axial  thickeniug  of  the  epiblast, 
which  has  always  hitherto  been  regarded  as  either  being  (most  authors) 
or  forming  (Kolliker)  the  axial  portion  of  the  mesoblast,  can  be  seen, 
by  tracing  it  forward  in  the  sections,  to  be  directly  continued  into  the 
fused  epi-hypoblastic  tract,  and  this,  traced  still  more  anteriorly, 
becomes  completely  differentiated  into  epi-  and  hypo-blast,  which, 
although  quite  distinct  layers,  are  still  in  contact  with  one  another 
at  the  axis,  no  trace  of  mesoblast  coming  between  them. 

Along  the  whole  length  of  the  axis  of  the  embryo,  except  perhaps 
quite  anteriorly  and  posteriorly,  there  is  no  trace  of  any  tissue  which 
can  rightly  be  regarded  as  mesoblastic.  Over  a  very  limited  tract, 
which  may  be  termed  for  purposes  of  description  the  centre  of  growth , 
there  is  practically  but  one  layer,  for  the  epiblast  and  hypoblast  are 
here  inseparably  connected.  Both  in  front  of  and  behind  this  centre 
a  modification  can  be  observed  similar  in  chai’acter  in  both  situations, 
in  the  splitting  of  the  undivided  mass  into  the  two  layers  which  are 
known  as  epiblast  and  hypoblast,  and  in  the  presence  of  a  depression 
passing  both  anteriorly  (neural  groove)  and  posteriorly  (primitive 
groove).  It  may  further  be  brought  to  mind  that,  extending  on 
either  side  from  the  centre  of  growth  at  right  angles  to  these  longitu¬ 
dinal  grooves,  there  is  sometimes  to  be  seen,  at  a  very  early  stage  of 

1  In  the  blastoderm  of  a  cat-embryo  (described  by  me  in  the  Proceedings  of 
the  Royal  Society,  No.  168,  1875),  which  was  still  only  bilaminar,  both  epi-  and 
hypo-blast  were  quite  distinct  throughout  their  whole  extent;  and  this  accords 
with  the  statements  of  most  other  observers. 
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development,  when  the  blastoderm  is  still  nearly  circular,  a  trans¬ 
verse  furrow \  so  that  an  appearance  of  radial  symmetry  is  simu¬ 
lated  by  the  blastoderm.  It  is  true  that  this  appearance  soon 
vanishes  in  consequence  of  the  greatly  preponderating  growth  of  the 
blastoderm  along  one  of  the  axes,  the  longitudinal,  and  especially,  in 
subsequent  stages,  along  the  part  anterior  to  the  transverse  axis,  but 
nevertheless  the  existence  primarily  of  a  radial  symmetry  in  the 
blastoderm  of  the  higher  vertebrata,  if  not  merely  accidental,  is  of 
interest  in  a  phylogenetic  point  of  view1 2. 

The  bilateral  symmetry,  which  so  early  eclipses  any  other,  ap¬ 
pears  to  be  essentially  dependent  on,  or  at  all  events  contempora¬ 
neous  in  its  appearance  with,  the  development  of  the  mesoblast.  From 
isolated  observations  which  at  various  times  I  have  had  opportunity 
to  make  on  the  chick,  and,  but  in  much  rarer  instances,  on  the  mam¬ 
malian  ovum,  I  had  been  led  to  the  conclusion,  even  before  the 
publication  of  the  extensive  researches  of  Kolliker  on  the  subject, 
that  the  middle  layer  of  the  blastoderm,  springs,  in  these  classes  of 
vertebrata  at  least,  from  the  epiblast ;  and  not  merely  by  a  simple 
thickening  of  the  epiblast  due  to  a  proliferation  of  its  axial  cells,  but, 
in  the  first  instance,  by  an  infolding  of  that  layer,  followed  by  pro¬ 
liferation  of  the  cells  at  the  bottom  of  the  involution.  The  depression 
of  epiblast  is  not  seen  as  a  groove  because  its  sides  are  in  close  apposi¬ 
tion  ;  subsequently,  by  a  widening  out  the  primitive  groove  may  be 
produced  from  it.  So  that  the  primitive  groove  would,  on  this  sup¬ 
position,  represent  an  original  involution  of  the  epiblast  which  is 
connected  with  the  origin  of  the  mesoblast,  and  this  involution 
occurs  at  a  part  of  the  blastoderm  altogether  posterior  to  that  in 
which  the  embryo  is  produced.  At  the  embryonic  part  (region  of 
the  neural  groove)  there  is  originally  no  mesoblast  :  this  layer  being 
produced  as  an  outgrowth  from  the  sides  of  the  involuted  proliferated 
epiblast  which  underlies  the  primitive  groove  (from  the  region  of  the 
primitive  groove  therefore),  and  it  then  rapidly  grows  forwards  along 
either  side  of  the  longitudinal  axis  anterior  to  the  primitive  groove, 
spreading  also  at  the  same  time  behind  and  at  the  sides  between  the 
epi-  and  hypo-blast  over  the  whole  blastoderm.  In  front  of  the 
region  of  the  neural  groove,  or,  as  we  may  equally  well  term  it,  the 
embryonic  region,  the  lateral  portions  of  mesoblast  of  either  side 
meet  and  unite  to  form  one  sheet,  whereas  along  the  whole  of  the  em¬ 
bryonic  region  they  are  completely  separated  by  the  contact  with  one 
another  of  epiblast  and  hypoblast.  According  to  this  view  of  the 
case  the  mesoblast  does  not  enter  primarily  into  the  formation  of  the 
embryo,  which  is  developed  from  the  part  of  the  blastoderm  anterior 
to  the  transverse  axis  of  the  blastoderm,  whereas  the  mesoblast  is 
formed  from  the  part  posterior  to  this  axis. 

Another  hypothesis  has  been  put  forward  by  Balfour3  to  ac- 

1  See  His  Entwickl.  d.  Hulmchens ,  p.  65. 

2  The  existence  of  such  radial  symmetry  would  so  far  militate  against 
Hasckel’s  conception  of  the  distinctiveness  of  the  radial  and  bilateral  types. 

3  Review  of  Kolliker’s  Entwicklungsgeschichte,  2te  Auflage.  Journal  of  Ana¬ 
tomy  and  Physiology ,  July,  1876. 
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count  for  the  appearance  of  the  primitive  groove  in  Birds  and 
Mammals,  by  a  reference  to  the  mode  of  development  of  Elasmo- 
branch  fishes.  The  embryo  in  these  is  situate  at  first  at  the  edge  of 
the  blastoderm.  “In  the  course  of  development  the  blastoderm 
grows  round  the  yolk  far  more  slowly  in  the  region  of  the  embryo 
than  elsewhere.  Owing  to  this  the  embryo  becomes  left  in  a  bay,  the 
two  sides  of  which  eventually  meet  and  coalesce  in  a  linear  fashion 
immediately  behind  the  embryo,  thus  removing  the  embryo  from  the 
edge  of  the  blastoderm  and  forming  behind  it  a  linear  streak  not 
unlike  the  primitive  groove.  We  would  suggest  the  hypothesis  that 
the  primitive  groove  is  a  rudiment  which  gives  the  last  indication  of 
a  change  made  by  the  Avian  ancestors  in  their  position  in  the  blasto¬ 
derm,  like  that  made  by  Elasmobranch  embryos  when  removed  from 
the  edge  of  the  blastoderm  and  placed  in  a  central  situation  similar 

to  that  of  the  embryo  Bird . The  central  groove  might  probably 

also  be  viewed  as  the  groove  naturally  left  between  the  coalescing 
edges  of  the  blastoderm.  Would  the  fusion  of  epiblast  and  meso- 
blasfc  also  receive  its  explanation  on  this  hypothesis?  We  are  of 
opinion  that  it  would.  At  the  edge  of  the  blastoderm,  which  repre¬ 
sents  the  blastopore  mouth  of  Amphioxus,  all  the  layers  become 
fused  together  in  the  unamnio  tic  Vertebrates.  So  that  if  the  primi¬ 
tive  groove  is  in  reality  a  rudiment  of  the  coalesced  edges  of  the 
blastoderm  we  might  naturally  expect  the  layers  to  be  fused  there....” 

This  hypothesis  is  extremely  ingenious,  but  there  are  serious 
objections  to  its  acceptance.  One  of  the  most  obvious  of  these  is  the 
difference  in  the  time  at  which  the  structures  respectively  appear. 
The  primitive  groove  is  formed  before  the  appearance  of  the  embryo; 
whereas  the  linear  streak  of  coalescence  referred  to  by  Balfour  is 
not  produced  until  the  embryo  has  advanced  considerably  in  develop¬ 
ment.  We  should  moreover  certainly  expect  to  find  a  coalescence 
of  hypoblast  with  the  other  layers  under  the  primitive  groove,  whereas, 
according  to  the  testimony  of  almost  all  observers,  no  such  condition 
is  ever  present  in  this  situation.  Hensen’s  statements  on  this  subject 
cannot  be  considered  to  outweigh  those  of  all  other  observers.  More¬ 
over,  we  should  expect  to  find  the  same  condition  at  what  is  un¬ 
doubtedly  the  edge  of  the  blastoderm.  And  if  we  accept  Kolliker’s 
account  of  the  origin  of  the  mesoblast,  and  there  can,  we  think,  be 
little  doubt  that  for  Birds  and  Mammals  at  least  this  is  in  the  main 
correct,  the  idea  of  a  thickening  and  lateral  outgrowth  of  the  axial 
epiblast  in  the  higher  Vertebrates,  representing  a  median  coalescence 
of  previously  distinct  halves  or  lateral  portions  of  all  the  layers  in 
Elasmobranchs,  is  scarcely  tenable. 


Mode  of  Connexion  of  the  Ovum  with  the  Uterus. 

The  pole  of  the  ovum  opposite  to  the  embryo  is  firmly  con¬ 
nected  with  the  mucous  membrane  of  the  uterus.  The  lower 
part  of  the  ovum  is  formed,  it  will  be  remembered,  by  two  only 
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layers  of  the  blastoderm,  the  hypoblast  and  rnesoblast,  these 
enclosing,  at  the  sides  and  below,  the  large  cavity  (Pl.  III.  fig.  5, 
m.  c.)  which  occupies  the  greater  part  of  the  ovum,  and  is 
bounded  above  by  the  amnion.  The  rnesoblast  is  a  single  layer 
of  flattened  cells  lining  the  vacuolated  columnar  cells  of  the 
hypoblast.  But  at  the  attachment  to  the  uterus  the  two 
layers  are  separated  from  one  another  by  an  outgrowth  of 
vascular  tissue  from  the  uterus,  which  has  pierced  the  hypo¬ 
blast  in  several  places  at  the  lowest  part  of  the  ovum,  and 
has  burrowed  some  little  distance  between  the  hypoblast  and 
rnesoblast.  The  condition  of  things  will  be  readily  under¬ 
stood  by  a  reference  to  the  diagram,  Plate  III,  fig.  5,  which 
represents  a  longitudinal  section  through  the  whole  ovum, 
including  the  portion  of  the  uterine  wall  to  which  it  is  at¬ 
tached.  The  rnesoblast  m"  is  seen  to  pass  continuously  over 
the  vascular  tissue  above  mentioned.  The  hypoblast  h,  which 
at  the  sides  of  the  ovum  is  in  close  contact  with  the  rnesoblast, 
separates  from  it  at  the  points  1 1  in  the  section,  and  is  continued 
outside  the  vascular  growth,  which  is  thus  included  between  the 
two  blastodermic  layers.  Where  the  lower  surface  of  the  ovum 
is  in  contact  with  the  uterine  wall  the  hypoblast  is  no  longer 
seen  as  a  single  distinct  layer.  The  epithelial  cells  here 
(fig.  7),  lying  that  is  between  the  vascular  tissue  v.  t.  above 
mentioned  and  the  uterine  mucous  membrane  m.  m.,  are  two 
or  three  deep,  are  rounded  in  form,  and  appear  to  represent 
not  only  the  layer  of  hypohlastic  cells  belonging  to  the  ovum, 
but  also  the  epithelium  of  the  uterus,  the  two  being  more  or 
less  blended  together.  Here  and  there  the  more  superficial  of 
the  cells  in  question  approach  in  character  to  the  hypohlastic 
cells  elsewhere1.  The  vascular  tissue,  which  is  thus  included 
between  the  blastodermic  layers,  is  cavernous  in  structure,  and 
obviously  an  outgrowth  from  the  blood-vessels  (veins)  of  the 
uterine  mucous  membrane.  These  veins  (Plate  ill,  fig.  7,  v) 
are  lined  by  thick,  granular,  epithelium-like  cells ;  and  similar 
cells,  one  or  more  layers  deep,  form  the  upper  and  lower 
boundaries  of  the  cavernous  tissue,  and  traverse  it  in  the  form 
of  imperfect  partitions.  All  the  spaces  of  the  tissue  in  ques- 

1  It  is  possible  that  this  resemblance  may  be  accidental,  and  that  the 
hypoblast  is  absent  at  this  part. 
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tion  are  seen  in  the  sections  to  be  filled  with  blood.  Of  its 
boundaries  the  upper  one — that  next  to  the  mesoblastic  layer 
— is  the  thicker,  and  in  parts  takes  on  quite  the  character  of 
a  columnar  epithelium.  This  is  especially  marked  near  the 
growing  border  (Plate  III,  fig.  6,  l),  where  there  is  a  continuous 
layer  of  such  columnar  cells  c  in  contact  with  the  mesoblast. 
At  the  place  where  the  hypoblast  and  mesoblast  separate 
this  layer  folds  round  and  follows  the  hypoblast,  its  cells 
becoming  gradually  shorter  and  flatter,  and  coming  into  close 
contact  with  those  of  the  hypoblast.  In  fact,  from  their  appear¬ 
ance  simply,  it  is  not  easy  to  make  out  a  distinction  between 
the  two  kinds  of  cells.  At  some  parts  of  the  border  a  clear  space 
s  is  enclosed  by  the  fold  just  mentioned.  This  space  contains  a 
few  blood-corpuscles,  but  is  nevertheless  shut  off  from  the  rest 
of  the  cavernous  tissue  by  a  sort  of  plug  p  of  densely  packed 
cells,  evidently  proliferating.  Some  of  those  next  the  space 
appear  to  have  become  broken  down :  it  is  possible  that  the 
blood-corpuscles  above  mentioned  have  been  produced  within 
them.  At  other  parts  of  the  border  the  space  is  absent  and  the 
plug  of  proliferating  cells  is  in  immediate  contact  with  the 
terminal  fold1 2. 

Bischoff 3  described  the  ovum  of  the  guinea-pig  as  becoming  in¬ 
vested  by  a  decidua  rejiexa ,  which  grows  up  around  it,  and  eventually 
entirely  encloses  it  in  a  new  cavity  distinct  from  that  of  the  decidua 
vera.  Beichert3,  on  the  other  hand,  stated,  in  opposition  to  Bischoff, 
that  the  ovum  is  invested  merely  by  a  prolongation  of  the  uterine  epi¬ 
thelium,  which  forms  a  sort  of  “  capsule  ”  for  it,  and  that  this  capsule 
becomes  excavated  below  the  ovum  into  a  hollow  stalk,  filled  with  fluid 
and  containing  the  ovum  at  its  extremity  ;  thinking,  quite  erroneously, 
that  the  epiblastic  or  amniotic  vesicle  represented  the  whole  ovum, 
and  that  the  layer  of  cells  covering  the  exterior  of  the  ovum,  described 
by  Bischoff  as  the  hypoblast  (yegetatives  Blatt),  was  nothing  but  such 
a  prolongation  of  the  uterine  epithelium.  Probably  Beichert  was  led 
into  this  error  by  the  occasional  adhesion  of  the  epithelium  lining  the 

1  The  examination  of  sections  of  some  less  advanced  embryos,  obtained  since 
the  completion  of  this  article,  have  rendered  it  apparent  that  tbe  fold  in  question 
(and  therefore  in  all  probability  the  boundaries  of  the  cavernous  tissue,  for  it  is 
directly  continued  into  them)  is  not  uterine,  but  hypoblastic  (embryonic)  in 
origin.  The  hypoblast  would  seem  therefore  to  be  invaginated  (not  pierced)  by 
a  hasma-genetic  growth  from  the  uterine  mucous  membrane  :  but  it  is  not  clear 
Whether  this  invaginating  tissue  takes  part  in  forming  the  boundaries  of  the 
cavernous  tissue.  (Jan.  1877.) 

2  Loc.  cit. 

3  Loc.  cit. 
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decidua  reflexa  to  the  exterior  of  the  ovum.  But  it  seems  difficult  to 
understand  how  Hensen,  with  the  aid  and  guidance  of  microscopic 
sections,  could  have  adopted  Beichert’s  view.  There  can  be  no  doubt 
whatever,  in  contemplating  the  sections,  that  the  whole  of  the 
spheroidal  body  here  described  is,  as  Bischoff  thought,  the  ovum.  And 
I  have  very  little  doubt  that  the  mucous  membrane  which  was  torn 
off  with  forceps  in  exposing  the  ovum  was  Bischoff’s  decidua  reflexa. 
That  it  was  not  merely  an  epithelial  structure,  but  an  investment 
formed  by  the  whole  mucous  membrane,  can  be  seen  in  some  pre¬ 
parations  where  a  portion  still  remains  at  the  side,  adhering  to  the 
outer  layer  (hypoblast)  of  the  ovum.  It  seems  almost  as  if  Hensen, 
misled  by  Beichert’s  statements,  had  mistaken  the  hypoblast  of  the 
ovum  for  an  “  epithelial  capsule”  derived  from  the  uterine  epithelium, 
from  which  in  fact  at  the  lower  pole  of  the  ovum  it  becomes  almost 
indistinguishable.  And  the  layer  of  cells  which  he  represents  1  as 
growing  down  on  the  inner  side  of  the  “  epithelial  capsule,”  and 
which  he  terms  hypoblast  ( Darmdrusenblatt ),  must  be  mesoblastic. 
The  fact  that  there  is  a  homogeneous  limiting  membrane  between  this 
layer  and  the  cells  outside  it  does  not  exclude  the  latter  from  forming 
part  of  the  ovum,  for  even  at  a  very  early  stage  such  membranes  are 
found  between  the  layers  of  the  blastoderm2. 

1  Loc.  cit.  fig.  75. 

2  Compare  Hensen,  Op.  cit.  p.  364,  and  Yireh.  Arch.  Bd.  30,  p.  180,  and  Self, 
loc.  cit. 
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DESCRIPTION  OF  THE  PLATES. 

PLATE  I. 

Fig.  1.  View  from  above  of  one  of  the  ova  described  in  the  text,  as 
seen  with  a  lens  by  reflected  light. 

Fig.  2.  The  embryonic  area  separated  and  viewed  from  below  under  a 
power  of  about  30  diameters.  The  preparation  had  been  previously  placed 
in  osmic  acid,  and  was  mounted  in  glycerine. 

all.  allantoid  projection. 

p.s.  anterior  end  of  primitive  streak. 

n.g .  neural  or  medullary  groove. 

a  If  anterior  limiting  fold.  (These  three  structures  are  seen  through 
the  amnion.) 

,  him.  tom  edge  of  the  blastoderm. 

Fig.  3.  Longitudinal  section  through  one  of  the  embryos  a  little  to  one 
side  of  the  middle  line. 
e.  epiblast. 

TYi.  mesoblast. 

m'.  amniotic  >  mesoblast. 

m".  parietal  ) 

h.  hypoblast. 

am.  amnion. 

all.  allantois. 

e.v.  epiblastic  or  amniotic  vesicle. 

Fig.  4.  Section  of  a  small  portion  of  the  parietes  of  the  large  cavity 
within  the  ovum.  Highly  magnified. 
h.  hypoblast. 
m".  mesoblast. 

m.e.  epithelioid  layer  of  mesoblast. 
m.v.  intermediate  layer  of  mesoblast. 

Fig.  5.  A  piece  of  the  parietal  mesoblast  separated  and  viewed  from 
the  outer  side.  The  preparation  was  stained  with  magenta :  the  nuclei 
which  are  undergoing  transformation  into  embryonic  blood-corpuscles,  are 
much  more  deeply  stained  than  the  rest. 
m.e.  epithelioid  layer. 
m.v.  network  of  developing  blood-vessels. 
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PLATE  II. 

Figs.  1 — 14  represent  a  series  of  transverse  sections  of  the  guinea-pig 
embryo  figured  in  surface  view  in  PI.  i.  fig.  2  ;  the  series  passing  from 
behind  forwards. 

Fig.  15  is  a  representation  of  the  embryo  in  outline  in  order  to  indicate 
as  nearly  as  possible,  by  numbered  lines,  the  places  with  which  these  sec¬ 
tions  correspond. 

In  figures  1,  7,  and  8,  the  whole  of  the  amniotic  vesicle  is  represented  > 
in  the  others  the  amnion,  and  in  some  cases  the  lateral  portions  of  the 
embryo  proper,  have  been  omitted  to  economise  space.  In  nearly  all  the 
figures  the  different  blastodermic  layers  are  represented  by  differences  of 
shading,  and  where  any  one  layer  is  continuous  or  fused  with  another,  such 
continuity  is  indicated  by  a  blending  of  their  respective  shadings.  But  in 
figs.  7  and  8  the  details  of  the  structure  have  been  filled  in,  and  these 
figures  serve  therefore  to  show  the  actual  appearance  presented  by  the 
blastodermic  layers.  Figs.  7  and  8  are  from  photographs  of  the  prepara¬ 
tions;  all  the  other  figures  were  sketched  with  the  aid  of  a  camera  lucida. 
The  scale  to  which  the  drawings  have  been  made  is  represented  at  the 
bottom  of  the  Plate. 

e.  epiblast. 

a.  e .  axial  epiblast. 

m.  mesoblast. 

m'.  amniotic  mesoblast. 
m  .  parietal  mesoblast. 
h.  hypoblast. 
a.  h.  axial  hypoblast. 

f.  part  where  epiblast  and  hypoblast  are  fused  together. 
p.  g.  (in  fig.  1)  primitive  groove. 

n.  g.  neural  or  medullary  groove. 

n'.  g\  (in  fig.  7)  rootlets  of  the  neural  groove. 
sp.  (in  fig.  10)  split  appearing  in  mesoblast. 
sp'.  (in  fig.  11)  the  same  becoming  a  circular  canal. 
am.  amnion. 

e.  v.  epiblastic  or  amniotic  vesicle. 

In  fig.  1  the  primitive  groove  is  seen.  Opposite  the  groove  the  epiblast 
is  considerably  thickened,  and  this  axial  thickening  of  epiblast  passes  on 
either  side  continuously  into  the  mesoblast,  the  hypoblast  being  quite 
distinct. 

In  figs.  2  and  3  the  primitive  groove  is  no  longer  seen.  The  relations 
of  the  layers  are  not  materially  altered. 

In  fig.  4  the  axial  thickening  of  epiblast  is  almost  completely  marked  off 
from  the  mesoblast.  The  hypoblast  is  still  distinct. 

In  fig.  5  the  axial  epiblast  is  united  with  the  hypoblast. 

In  fig.  6  the  union  between  epiblast  and  hypoblast  is  still  observed,  and 
the  united  part  is  somewhat  broader. 
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In  fig.  7  a  line  of  demarcation  is  seen  extending  from  either  side  be¬ 
tween  the  axial  epi-  and  hypo-blast,  but  the  central  cells  are  still  common 
to  both  layers.  The  rootlets  of  the  neural  groove  are  seen. 

In  fig.  8  the  neural  groove  itself  is  observed  and  opposite  to  it  the  epi- 
and  hypo-blast  are  now  quite  distinct,  although  in  contact  with  one  another. 
They  retain  this  relation  in  all  the  succeeding  sections. 

In  figs.  9,  10,  and  11,  the  neural  groove  becomes  deeper  and  narrower, 
but  in  fig.  12  it  has  become  much  shallower  preparatory  to  its  complete 
termination. 

In  fig.  13  a  pitting  inwards  of  all  the  layers  of  the  blastoderm  is  ob¬ 
served.  There  is  still  no  mesoblast  between  the  epiblast  and  hypoblast  in 
the  axis  of  the  embryo,  but  in  fig.  14  the  mesoblast  is  seen  between  the  two 
layers  here  as  well  as  at  the  sides. 


PLATE  III. 

Fig.  1  represents  under  a  high  power  and  in  detail  the  axial  part  of  the 
section  shown  in  fig.  5  of  the  preceding  Plate.  The  references  are  the  same 
as  before. 

Fig.  2  is  taken  from  a  section  intermediate  between  those  shown  in 
figs.  6  and  7,  Plate  ii.  The  nest  n  of  small  undifferentiated  cells  referred 
to  in  the  text  is  seen  in  this  figure ;  on  either  side  of  it  a  line  of  demarca¬ 
tion  can  be  traced  between  epiblast  and  hypoblast. 

Fig.  3  is  the  axial  part  of  a  section  similar  to  that  shown  in  fig.  9, 
Plate  ii.  The  columnar  character  of  the  cells  of  the  axial  hypoblast  and 
the  distinct  line  of  demarcation  between  them  and  the  axial  epiblast 
is  seen. 

Fig.  4  is  from  near  the  anterior  part  of  the  neural  region.  The  cells  of 
the  axial  hypoblast  are  still  somewhat  columnar,  and  the  small  superadded 
cells  ( d  li)  referred  to  in  the  text  are  observed. 

Fig.  5.  Diagrammatic  representation  of  a  longitudinal  section  through 
the  whole  ovum  along  the  axis  of  the  embryo,  and  including  the  attachment 
to  the  uterus. 

Most  of  the  references  are  the  same  as  before ;  the  following  are  ad¬ 
ditional  : — 

7u.  c.  general  or  mesoblastic  cavity  of  the  ovum. 

all.  allantois. 

m.  on.  mucous  membrane  of  uterus. 

v.  t.  vascular  or  cavernous  tissue  connected  with  uterine  mucous  mem¬ 
brane  at  m'.  m'.,and  burrowing  between  the  parietal  mesoblast  and  hypoblast. 

I,  l.  limits  of  uterine  tissue. 

m".  7n".  a  fungiform  projection  from  the  uterine  mucous  mem¬ 
brane. 

5.  clear  space  at  growing  edge  of  vascular  tissue. 
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Fig.  6.  Section  at  edge  of  vascular  tissue  showing  the  mesoblast  m", 
and  hypoblast  h  separating  to  enclose  this  space,  which  is  bounded  by  the 
layer  of  cells  c  and  by  the  plug  of  densely  packed  cells  p.  The  space  is  seen 
to  contain  blood-corpuscles. 

Fig.  7.  Section  through  the  base  of  the  ovum  and  the  contiguous  part 
of  the  uterine  mucous  membrane. 

m".  mesoblast  of  ovum  forming  a  continuous  layer  of  flattened  cells 
(spindle-shaped  in  section). 
v.  t.  cavernous  tissue. 
bl.  blood-corpuscles,  within  its  spaces. 

h'.  layer  of  epithelial  cells  next  to  the  cavernous  tissue  (?  derived  from 
hypoblast  of  ovum). 

ep.  deeper  epithelial  cells. 

m.  m.  mucous  membrane  of  uterus. 

v'.  one  of  the  veins  of  the  mucous  membrane  cut  across. 
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